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CRYSTAL ORIENTED CERAMICS AND PRODUCTION METHOD OF SAME 



^ BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a method for 

producing crystal oriented ceramics, and more 
particularly, to crystal oriented ceramics, and a 
production method thereof, suitable for use as various 
types of piezoelectric materials used in sensors such as 

10 acceleration sensors, pyroelectric sensors, ultrasonic 
sensors, electrical field sensors, temperature sensors, 
gas sensors, knocking sensors, yaw rate sensors, air bag 
sensors and piezoelectric gyro sensors, energy conversion 
elements such as piezoelectric transformers, energy- 

15 efficient actuators or energy-efficient resonators such 
as piezoelectric actuators, jiltrasonic motors and 
resonators, and capacitors, bimorphic piezoelectric 
elements, vibration pickups, piezoelectric microphones, 
piezoelectric ignition elements, sonar, piezoelectric 

20 buzzers, piezoelectric speakers, vibrators and filters, 

or dielectric materials used in capacitors and multilayer 
capacitors, thermoelectric conversion materials and ion 
conducting materials. 

2. Description of the Related Art 

25 Piezoelectric materials are materials that 

realize piezoelectric effects, and their form is 
classified into single crystals, ceramics, thin films, 
polymers and composites (compound materials). Among 
these piezoelectric materials, since piezoelectric 

30 ceramics in particular offer high performance, have a 
large degree of freedom of shape and facilitate easy 
material design, they are widely used in the fields of 
electronics and mechatronics . 

Piezoelectric ceramics are subjected to so- 

35 called polarization treatment in which an electric field 
is applied to ferroelectric ceramics to orient the 
direction of the ferroelectric domains in a fixed 



direction. In the case of piezoelectric ceramics, in 
order to orient spontaneous polarization in a fixed 
direction by polarization treatment, an isotropic 
perovskite crystal structure is advantageous since it 
5 allows the direction of spontaneous polarization to be 
three-dimensional • Consequently, the majority of 
piezoelectric ceramics in practical use are isotopic 
perovskite ferroelectric ceramics. 

Known examples of isotropic perovskite 

10 ferroelectric ceramics include Pb(Zr*Ti)03 (to be 

abbreviated as "PZT"), PZT three-component systems in 
which lead-base complex perovskite has been added to PZT 
as a third component, BaTIOg and Bio.sNao.sTiOg (to be 
abbreviated as "BNT"). 

15 Among these examples, since lead-based 

piezoelectric ceramics like PZT have higher piezoelectric 
characteristics compared with other piezoelectric 
ceramics, they currently account for the majority of 
piezoelectric ceramics in practical use. However, since 

20 they contain the component of lead oxide (PbO), which has 

a high vapor pressure for elevated temperature, they have 
the problem of placing a burden on the environment. 
Consequently, piezoelectric ceramics are being sought 
that have equivalent piezoelectric characteristics to 

25 PZT, but which either contain low levels of lead or are 
lead-free • 

On the other hand, BaTIOj ceramics have 
comparatively high piezoelectric characteristics among 
piezoelectric materials that do not contain lead, and are 

30 used for sonar and other applications. In addition, 
solid solutions of BaTIOj and other non-lead-based 
perovskite compounds (e.g., BNT) are known to exhibit 
comparatively high piezoelectric characteristics. 
However, these lead-free piezoelectric ceramics have the 

35 shortcoming of low piezoelectric characteristics as 
compared with PZT. 

Therefore, various proposals have been made in 



the past to solve this problem. For example, Japanese 
Unexamined Patent Publication No. 11-180769 discloses a 
piezoelectric ceramic material that has the basic 
composition of ( l-x)BNT-BaTi03 (wherein, x = 0.06-0.12) 
5 and contains 0.5-1.5% by weight of an oxide of a rare 
earth element (such as LagOg, Y2O3 or YbjOj). 

In addition, Japanese Unexamined Patent 
Publication No. 2000-272962 discloses a piezoelectric 
ceramic composition expressed by the general formula: 

10 {Bio.5(Nai_^K,,)0.5}TiO3 (wherein, 0,2 s x s 0.3), and which 

contains 2% by weight or less of an additive (such as 
FejOg, Cr203, MnOjr NiO or NbsOs). 

In addition, Japanese Unexamined Patent 
Publication No. 2000-281443 discloses a piezoelectric 

15 ceramic composition having for its main component a 

tungsten bronze complex oxide represented by the general 
formula: xNaNbOg-yBaNbgOg-zBiNbgOg (wherein, x + y + z = 1, 
and (x,y,z) lies within a predetermined region on a 
three-component composition diagram) , and containing Bi 

20 within the total weight at a ratio of 3-6% by weight as 
metal. In addition, in Japanese Unexamined Patent 
Publication No. 2000-313664, an alkaline metal-containing 
niobium oxide-based piezoelectric ceramic composition is 
disclosed by the present applicant comprising the 

25 addition of a compound containing one or more types of 

the elements selected from Cu, Li and Ta to a solid 
solution represented by the general formula: Ki_3,Na3,Nb03 
(wherein, x = 0-0.8). 

In addition, Japanese Unexamined Patent 

30 Publication No. 2002-137966 discloses a piezoelectric 
ceramic represented by the compositional formula: ( 1- 
x)NaNb03 + xMnTi03 (wherein, 0.014 ^ x ^ 0.08), and which 
further contains as an auxiliary component 0.5-10 mol% of 
KNbOg or NaNbOg with respect to the compound represented 

35 by the compositional formula. 

In addition, Japanese Unexamined Patent 
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Publication No. 2001-240471 discloses a piezoelectric 
ceramic composition containing a main component 
represented by Na^NbOg (0.95 ^ x ^ 1)^ and an auxiliary 
component represented by the composition formula A^BOf 
5 (wherein, A represents at least one of K, Na or Li and 

Bi, B represents at least one of Li, Ti, Nb, Ta or Sb, 
0.2 ^ y s 1.5, and f is arbitrary), wherein the content 
of the auxiliary component is 8 mol% or less, and at 
least one type of first transition metal element from Sc 

10 of atomic number 21 to Zn of atomic number 30 is 
contained at 0.01-3% by weight as oxide. 

In addition, Japanese Unexamined Patent 
Publication No. 2001-291908 discloses a piezoelectric 
ceramic composed of Nao gBi^ ^Ti^Oig, which is a type of 

15 layered perovskite composite, wherein the c axis is 

oriented in a single direction, and the piezoelectric 
ceramic is polarized in the direction perpendicular to 
the orientation direction of the c axis. In this 
document, it is described that a piezoelectric ceramic is 

20 obtained that is polarized in mutually opposite 

directions in the in-plane direction of a sheet by 
forming linear electrodes arranged in parallel on the 
surface of a green sheet containing a starting material, 
laminating the green sheet so that the electrodes are 

25 mutually overlapping along the direction of lamination, 
sintering the green sheet laminate while applying 
pressure in the direction of lamination, and finally 
applying a direct current electric field between opposing 
electrodes on the sheet. 

30 In addition, Japanese Unexamined Patent 

Publication No. 2001-039766 discloses a piezoelectric 
device composed of CaBi4Ti40i5, which is a type of layered 
perovskite composites, wherein the c axis is oriented in 
a single direction, and the ceramics are polarized in a 

35 direction perpendicular to the orientation direction of 
the c axis, and are formed in the plane parallel to the 



orientation direction of the c axis and the direction of 
polarization. It is described in this document that a 
piezoelectric ceramic is obtained that is polarized in a 
direction perpendicular to the orientation direction of 
5 the c axis in such a way that a raw material powder was 
calsined, calsined material was coarsely crushed, and 
then pressed to a cylindrical shape pellet, the pellet 
was heat treated at 600 °C and then fired under uniaxial 
pressure, a rectangular shape specimen was cut out from 

10 the fired pellet so that the direction of uniaxial 

pressure described above is parallel to the direction of 
the precimen widthwise edge, and finally the specimen was 
polarized in the lengthwise direction of the specimen. 
In addition, Japanese Unexamined Patent 

15 Publication No. 2002-193663 discloses a crystal-oriented 
perovskite composite expressed by the general formula: 
ABO3 (wherein, A represents a divalent metal element, and 
B represents a tetravalent metal element). It is 
described in this document that a (111) plane- oriented 

2 0 barium titanate sintered compact is obtained by forming a 
raw material containing Ba6Tii704o plate-like powder, 
BaTi03 powder and BaCOa powder into the form of a sheet, 
laminating this under pressure and sintering the laminate 
at a predetermined temperature. 

25 Moreover, in Japanese Unexamined Patent 

Publication No. 11-60333, a piezoelectric ceramic is 
disclosed by the present applicant that is composed of 
perovskite ceramic containing rhombohedral crystal for 
its edge phase (for example, perovskite ceramic in which 

30 Bio.gKo sTiOg, BaTiOg or NaNbOg and so forth is in the form 
of a solid solution with BNT), and the degree of 
orientation as determined by the Lotgering method of a 
pseudo-cubic {100} plane is 30% or more. In addition, 
this document also discloses a production process of a 

35 piezoelectric ceramic comprising mixing a host material A 

having a plate-like form and composed of a layered 
perovskite compound (Bi4Ti30i2)f a guest material B having 



an isotropic perovskite structure or a raw material Q 
capable of forming guest material B (equiaxial powder of 
Bio. sCNao.asKo. 15)0. sTiOa) , a guest material C for 

converting host material A to an isotropic perovskite 
5 compound (BigOg powder, Na2C03 powder, K2CO3 powder and 

TXO2 powder) and forming these so that host material A is 
oriented followed by heating and sintering. 

The piezoelectric, pyroelectric , dielectric, 
thermoelectric, electron-conducting and ion-conducting 

10 characteristics and so forth (to be generically referred 
to as "piezoelectric characteristics") of lead-free-based 
f erroelectrics composed of an isotropic perovskite 
compound such as BaTiOj, BNT or Ki^yNayNbOg (0 ^ y ^ 1) are 
generally inferior to lead-based f erroelectrics 

15 represented by PZT. On the other hand, as described in 
Patent Documents 1-6, sintering properties and 
piezoelectric characteristics, etc. are known to improve 
by adding various additives to non-lead-based 
f erroelectrics . 

20 However, when an isotropic perovskite compound 

is produced by an ordinary ceramics production process, 
namely a production process in which a simple compound 
containing constituent elements is used as the starting 
material followed by calcining, molding and sintering, 

25 the crystal grains in the resulting sintered compact are 

oriented randomly* Consequently, even in the case of a 
composition inherently having high piezoelectric 
characteristics, the piezoelectric characteristics of the 
resulting sintered compact are inadequate. 

30 In contrast, the piezoelectric characteristics 

of isotropic perovskite compounds are generally known to 
vary depending on the direction of the crystal axis. 
Consequently, if it were possible to orient a crystal 
axis having high piezoelectric characteristics in a fixed 

35 direction, the anisotropy of the piezoelectric 

characteristics could be maximally utilized, thereby 
realizing higher performance of piezoelectric ceramics. 
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In actuality, some single crystals composed of lead-free- 
based ferroelectric materials are known to demonstrate 
superior piezoelectric characteristics , 

However, single crystals have the disadvantage 
5 of a high production cost. In addition, single crystals 
of solid solutions having a complex composition are 
susceptible to compositional shifts during production^ 
and are unsuitable as practical materials. Moreover^ 
since single crystals have inferior fracture toughness, 

10 it is difficult to use them under conditions of high 

stress, resulting in the problem of limited application. 

In addition, as is described in the 
aforementioned Japanese Unexamined Patent Publication No. 
2001-291908 and Japanese Unexamined Patent Publication 

15 No. 2001-039766, a specific crystal plane can be oriented 
by applying uniaxial pressure during sintering. However, 
this method can only be applied to crystal systems and 
crystal planes having inherently large anisotropy like 
those of layered perovskite compounds, and has the 

20 disadvantage of being unable for application to crystal 

systems and crystal planes having a low level of 
anisotropy like isotropic perovskite compounds. 

On the other hand, as is described in the 
aforementioned Japanese Unexamined Patent Publication No. 

25 2002-193663 and Japanese Unexamined Patent Publication 

No. 11-60333, according to a method in which a specific 
crystal plane is oriented using a plate-like powder 
having a predetermined composition for the reactive 
template, even in the case of crystal systems and crystal 

30 planes having low anisotropy, crystal oriented ceramics 
in which a specific crystal plane is oriented at a high 
degree of orientation can be produced both easily and 
with lower cost. 

However, in a method in which a plate-like 

35 powder composed of BagTi^^O^o or Bi^Ti^Oig so forth is 

used for the reactive template, A site elements (Ba or 
Bi) and B site elements (Ti) contained in the plate-like 



powder always remain in the resulting crystal oriented 
ceramics. Consequently, there are cases in which this 
method may not be able to realize the most desirable 
composition in the case of applying to isotropic 
5 perovskite-based potassium sodium niobate ( Ki.yNayNb03 ) , or 
solid solutions thereof, exhibiting comparatively high 
piezoelectric characteristics among these lead-free-based 
compounds, and there is the risk of piezoelectric 
characteristics being impaired by unavoidably contained A 

10 site elements and/or B site elements* 

An object of the present invention is to 
provide crystal oriented ceramics, and a production 
method of the same, having for its basic composition 
isotropic perovskite-based potassium sodium niobate, and 

15 exhibiting superior piezoelectric characteristics. In 
addition, another object of the present invention is to 
provide crystal oriented ceramics, and a production 
method of the same, having for its basic composition 
isotropic perovskite-based potassium sodium niobate, and 

20 in which a specific crystal plane is oriented at a high 

degree of orientation. 

SUMMARY OF THE INVENTION 

In order to solve the aforementioned problems, the 
crystal oriented ceramics as claimed in the present 

25 invention is composed of a polycrystalline substance of 
an isotropic perovskite compound represented by the 
general formula: 

{Li,(K,.yNay),.,}{Nb,.,.,Ta,Sb,}03 ( 1 ) 

(wherein, x, y, z and w are respectively 0^x^0.2, 0^ 

30 y ^ 1, 0 ^ z ^ 0.4, 0 s w ^ 0.2, x + z + w > 0), in 

which, in ABO3, the A site element is K, Na and/or Li, 
and the B site element is Nb, Sb and/or Ta, and a 
specific crystal plane of each crystal grain that 
composes said polycrystalline substance is oriented. 

35 In isotropic perovskite-based potassium sodium 

niobate, by substituting a portion of the A site element 



- 9 - 



with a predetermined amount of Li and/or substituting a 
portion of the B site element with a predetermined amount 
of Ta and/or Sb, piezoelectric characteristics are 
improved as compared with the case of not containing 
5 these elements. 

In addition, when a specific crystal plane is 
oriented, the piezoelectric dg^ constant, piezoelectric 
g3i constant and electromechanical coupling coefficient 
are improved as compared with non-oriented sintered 

10 compacts of the same composition. 

In addition, the crystal oriented ceramics 
production method according to the present invention is 
provided with a mixing step in which a first anisotropic 
shaped powder, for which the growth plane has lattice 

15 coherency with a specific crystal plane of the isotropic 
perovskite compound described in claim 1, is mixed with a 
first reaction raw material that reacts with said first 
anisotropic shaped powder and at least forms the 
isotropic perovskite compound; a molding step in which 

20 the mixture obtained in the mixing step is molded so that 

the first anisotropic shaped powder is oriented; and, a 
heat treatment step in which the molded product obtained 
in the molding step is heated to cause a reaction between 
the first anisotropic shaped powder and the first 

25 reaction raw material. 

When a first anisotropic shaped powder that 
satisfies the predetermined conditions is reacted with a 
first reaction raw material that has a predetermined 
composition, anisotropic shaped crystals form composed of 

30 the isotropic perovskite compound described in claim 1 

that have inherited the orientation azimuth of the first 
anisotropic shaped powder. Consequently, if the first 
anisotropic shaped powder is oriented in the molded 
product and the molded product is heated to a 

35 predetermined temperature, a crystal oriented ceramic is 
obtained that is composed of the isotropic perovskite 
compound described in claim 1, and in which crystal 
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grains having a specific crystal plane for the growth 
plane are oriented in a specific direction. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an X-ray diffraction pattern of crystal 
5 oriented ceramics obtained in Example 1. Fig. 2 is an X- 

ray diffraction pattern of crystal oriented ceramics 
obtained in Example 3. Figs. 3(a) and 3(b) are X-ray 
diffraction patterns of crystal oriented ceramics 
obtained in Example 8 and a non-oriented sintered compact 
10 obtained in Comparative Example 3/ respectively. Fig. 4 
is a graph showing the temperature dependency of the 
piezoelectric d^i constant of crystal oriented ceramics 
obtained in Example 2 and a non-oriented sintered compact 
obtained in Comparative Example 1. Fig. 5 is a graph 
15 showing the temperature dependency of the piezoelectric 
d3i constant of crystal oriented ceramics obtained in 
Example 7 and a non-oriented sintered compact obtained in 
Comparative Example 3. Fig. 6 is a graph showing the 
temperature dependency of the piezoelectric d^^^ constant 
20 of crystal oriented ceramics obtained in Example 9 and a 

non-oriented sintered compact obtained in Comparative 
Example 6. Fig. 7 is a graph showing the temperature 
dependency of the piezoelectric da^ constant at room 
temperature. Figs. 8 and 9 respectively indicate Dgai^rge 
25 and E33ia^g^ in the case of driving by applying an electric 
field strength of 0-2000 V/mm in the form of a chopping 
wave having a frequency of 1 Hz over a temperature range 
of -42 to 165 °C to the crystal oriented ceramics obtained 
in Example 9 and Comparative Example 6 and to the non- 
30 oriented sintered compact obtained in Comparative Example 
6. Figs. 10 and 11 show the temperature characteristics 
of D33i„g^/(E 

331arge 

)^^^ and D33i„g^/E33ia^g^ in the case of 
driving the crystal oriented ceramics obtained in Example 
9 and Comparative Example 6. Fig. 12 shows 033^^^^^ in the 
35 case of producing an actuator with the crystal oriented 

ceramics obtained in Example 22. Fig. 13 shows D^^^^^^^^ in 
the case of driving the crystal oriented ceramics 
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obtained in Example 23. Fig. 14 shows the results of 
calculating the temperature characteristics of 
displacement in the case of constant voltage driving 
(characteristic index: ^ssi^rg^) ^ constant energy driving 
5 (characteristic index: D^^^^^^^Z (E^^^^^g^)^^^ and constant 

charge driving (characteristic index: D:^^:i^^^g^/E^^^^^g^) using 
displacement at room temperature as a reference value 
(100%)* Figs. 15 and 16 respectively show the generated 
displacement and generated electric field in the case of 
10 driving the crystal oriented ceramics obtained in Example 
23. Figs. 17 and 18 respectively show the generated 
displacement and generated electric field in the case of 
driving the crystal oriented ceramics obtained in Example 
23. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following provides a detailed explanation of one 
mode for carrying out the present invention. The crystal 
oriented ceramics according to the present invention is 
composed of a polycrystalline substance of the isotropic 

2 0 perovskite compound represented by the general formula 

shown in the following chemical formula 1, and in which a 
specific crystal plane of each crystal grain that 
composes the polycrystalline substance is oriented: 

{LiJK,.yNaJ,.,}{Nbi — Ta,Sb,>03 ( 1 ) 

25 (wherein, 0^x^0.2, O^y^l, 0 ^ z ^ 0 .4 , O^w^ 

0.2, x+z+w>0). 

The crystal oriented ceramics as claimed in the 
present invention has for its basic composition potassium 
sodium niobate ( K^.yNayNbOg ) , which is a type of isotropic 

30 perovskite compound, a portion of the A site element (K, 
Na) is substituted with a predetermined amount of Li, 
and/or a portion of the B site element (Nb) is 
substituted with a predetermined amount of Ta and/or Sb. 
In chemical formula 1, "x+z+w>0" indicates that at 

35 least one of Li, Ta and Sb should be contained as a 
substituent . 

In addition, in the aforementioned formula (1), "y" 
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represents the ratio of K and Na contained in the crystal 
oriented ceramics. The crystal oriented ceramics as 
claimed in the present invention should contain at least 
one of K or Na as an A site element. Namely, there are 
5 no particular restrictions on the ratio y of K and Na, 
and it may have any arbitrary value from 0 to 1 . In 
order to obtain high piezoelectric characteristics, the 
value of y is preferably from 0,05 to 0.75, more 
preferably from 0.20 to 0.70, even more preferably from 

10 0.35 to 0.65, still more preferably from 0.40 to 0.60, 
and most preferably from 0.42 to 0.60. 

The value of "x" represents the substituted amount 
of Li that is substituted for an A site element in the 
form of K and/or Na. If a portion of K and/or Na is 

15 substituted with Li, effects are obtained in which 

piezoelectric characteristics improve. Curie temperature 
rises and/or increased fineness is promoted. More 
specifically, the value of x is preferably from 0 to 0.2. 
If the value of x exceeds 0.2, piezoelectric 

20 characteristics (including piezoelectric d3i constant, 
electromechanical coupling coefficient kp and 
piezoelectric g^^ constant) decrease, thereby making this 
undesirable. The value of x is preferably from 0 to . 
0.15, and more preferably from 0 to 0.10. 

25 The value of "z" represents the substituted amount 

of Ta substituted for the B site element in the form of 
Nb. If a portion of Nb is substituted with Ta, the 
effect of improved piezoelectric characteristics is 
obtained. More specifically, the value of z is 

30 preferably from 0 to 0 . 4 . If the value of z exceeds 0.4, 
the Curie temperature decreases and it becomes difficult 
to use as a piezoelectric material in home appliance or 
automotive applications, thereby making this undesirable. 
The value of z is preferably from 0 to 0.35, and more 

35 preferably from 0 to 0.30. 

Moreover, the value of "w" represents the 
substituted amount of Sb substituted for the B site 
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element in the form of Nb. If a portion of Nb is 
substituted with Sb, the effect of improved piezoelectric 
characteristics is obtained. More specifically, the 
value of w is preferably from 0 to 0 . 2 . If the value of 
5 w exceeds 0.2, piezoelectric characteristics and/or Curie 
temperature decrease, thereby making this undesirable. 
The value of w is preferably from 0 to 0.15, and more 
preferably from 0 to 0.10. 

Furthermore, although it is preferable that the 

10 crystal oriented ceramics as claimed in the present 

invention is composed only of the isotropic perovskite 
compound represented by the general formula shown in 
chemical formula 1 (to be referred to as the "first KNN 
compound"), other elements or other phases may be 

15 contained provided the crystal structure of the isotropic 
perovskite can be maintained, and they do not have 
detrimental effects on sintering characteristics, 
piezoelectric characteristics or other characteristics. 
Specific examples of such "other elements" include 

20 other monovalent cationic elements substituted for an A 

site element of the first KNN compound (such as Ag^ or 
Cs""), and other pentavalent cationic elements substituted 
for a B site element of the first KNN compound (such as 
V^* or Re^* ) . 

2 5 In addition, an "other element" substituted for an A 

site element or B site element may be a combination in 
which the sum of their valencies is hexavalent. Specific 
examples include the combination of Ba^* and Ti^*, the 
combination of Sr^* and Ti*"^, and the combination of Ca^* 

30 and Ti**. In addition, an "other element" substituted 

for a B site element may contain only a hexavalent metal 
element (such as W^* or Mo^*). In this case, a defect is 
formed at the A site so that the valency of the cationic 
element becomes hexavalent. 

35 In addition, specific examples of "other phases" 

include additives, sintering assistants, byproducts and 
impurities (such as BizO^r CuO, MnOg and NiO) originating 
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in the production method described later or the starting 
materials used. The content of other elements or other 
phases for which there is the risk of having a 
detrimental effect on piezoelectric characteristics 
5 should be as low as possible. 

The phrase "specific crystal plane is oriented" 
refers to each crystal grain being arranged so that 
specific crystal planes of the first KNN compound are 
mutually parallel (this state is to be referred to as 

10 "planar orientation"), or to each crystal grain being 

arranged so that specific crystal planes are parallel to 
a single axis that passes through the molded product 
(this state is to be referred to as "axial orientation"). 
There are no particular restrictions on the type of 

15 oriented crystal plane, and is selected according to the 
direction of spontaneous polarization of the first KNN 
compound, application of the crystal oriented ceramics, 
its required characteristics and so forth. Namely, the 
oriented crystal plane is selected according to the 

20 specific purpose, such as the pseudo-cubic {100} plane, 

pseudo-cubic {110} plane or pseudo-cubic {111} plane. 

Furthermore, "pseudo-cubic {HKL}" refers to 
indication of the Miller indices by assuming the 
isotropic perovskite compound to be cubic, even though 

2 5 isotropic perovskite compounds typically take on a 

structure that is slightly strained from a cubic system, 
such as a tetragonal system, rhombohedral system or 
trigonal system, since this strain is very small. 

In addition, in the case a specific crystal plane is 

30 planar oriented, the degree of planar orientation can be 
represented with the average degree of orientation F(HKL) 
given by the Lotgering method expressed by the following 
equation. 
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Furthermore, in this Equation 1, 2l(hkl) is the sum 
of the X-ray diffraction intensity of all crystal planes 
(hkl) measured for crystal oriented ceramics, while 
2lo(hkl) is the sum of the X-ray diffraction intensity of 
all crystal planes (hkl) measured for non-oriented 
ceramics having the same composition as the crystal 
oriented ceramics. In addition, 2'I(HKL) is the sum of 
the X-ray diffraction intensities of crystallographically 
equivalent specific crystal planes (HKL) measured for 
crystal oriented ceramics, while 2*Io(HKL) is the sum of 
the X-ray diffraction intensities of crystallo- 
graphically equivalent specific crystal planes (HKL) 
measured for non-oriented ceramics having the same 
composition as the crystal oriented ceramics. 

Thus, in the case each crystal grain that composes a 
polycrystalline substance is non-oriented, the average 
degree of orientation F(HKL) becomes 0%. In addition, in 
the case the (HKL) planes of all crystal grains that 
compose a polycrystalline substance are oriented parallel 
to a measured plane, the average degree of orientation 
F(HKL) becomes 100%. 

In general, the larger the ratio of oriented crystal 
grains the higher the characteristics. For example, in 
the case a specific crystal plane is planar oriented, in 
order to obtain high piezoelectric characteristics, the 
average degree of orientation F(HKL) as determined 
according to the Lotgering method represented by the 
aforementioned Equation 1 is preferably 30% or more, and 
more preferably 50% or more. In addition, an oriented 
specific crystal plane is preferably a plane that is 
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perpendicular to the polarization axis. For example, in 
the case the crystal system of the perovskite compound is 
a tetragonal system, the specific crystal plane to be 
oriented is preferably the {100} plane, 
5 Furthermore, in the case of axially orienting a 

specific crystal plane, the degree of its orientation 
cannot be defined by the same degree of orientation as in 
the case of planar orientation (Equation 1). However, 
the degree of axial orientation can be represented using 

10 the average degree of orientation according to the 

Lotgering method with respect to (HKL) diffraction in the 
case of X-ray diffraction for a plane perpendicular to 
the orientation axis (to be referred to as the "degree of 
axial orientation"). In addition, the degree of axial 

15 orientation of a molded product in which a specific 
crystal plane is nearly completely axial oriented is 
equal to the degree of axial orientation measured for a 
molded product in which a specific crystal plane is 
nearly completely planar oriented. 

20 Since the crystal oriented ceramics as claimed in 

the present invention is composed of a polycrystalline 
substance having the first KNN compound as its primary 
phase, it exhibits high piezoelectric characteristics 
even among lead-free-based piezoelectric ceramics. In 

25 addition, since the specific crystal plane of each 

crystal grain that composes the polycrystalline substance 
is oriented in a single direction, the crystal oriented 
ceramics as claimed in the present invention exhibits 
high piezoelectric characteristics as compared with a 

30 non-oriented sintered compact having the same 
composition. 

More specifically, by optimizing the composition, 
degree of orientation, production conditions and so forth 
of the first KNN compound serving as the primary phase, 
35 crystal oriented ceramics is obtained in which the 
piezoelectric da^ constant at room temperature is at 
least 1.1 times greater than a non-oriented sintered 
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compact having the same composition. In addition, if 
these conditions are optimized, crystal oriented ceramics 
can be obtained in which the piezoelectric d^^^ constant 
at room temperature is 1.2 times or more greater than a 
5 non-oriented sintered compact having the same 

composition, or 1.3 times or more greater if further 
optimized. 

Similarly, by optimizing the composition, degree of 
orientation, production conditions and so forth of the 

10 first KNN compound serving as the primary phase, crystal 
oriented ceramics can be obtained in which the 
electromechanical coupling coefficient kp at room 
temperature is at least 1 . 1 times greater than a non- 
oriented sintered compact having the same composition. 

15 In addition, if these conditions are optimized, crystal 
oriented ceramics can be obtained in which the 
electromechanical coupling coefficient at room 
temperature can be made to be 1.2 times or more greater 
than a non-oriented sintered compact having the same 

20 composition, or 1.3 times or more greater if further 
optimized. 

Moreover, by optimizing the composition, degree of 
orientation, production conditions and so forth of the 
first KNN compound serving as the primary phase, crystal 

25 oriented ceramics can be obtained in which the 

piezoelectric g^i constant at room temperature is at 
least 1.1 times greater than a non-oriented sintered 
compact having the same composition. In addition, if 
these conditions are optimized, crystal oriented ceramics 

30 can be obtained in which the piezoelectric g^x constant 
at room temperature is 1.2 times or more greater than a 
non-oriented sintered compact having the same 
composition, or 1.4 times or more greater if further 
optimized. 

35 In addition, in the case of an actuator material, 

displacement generated in the direction parallel to the 
direction in which voltage is applied is utilized in a 
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large electric field having an electric field strength of 
100 V/mm or more. By optimizing the composition, degree 
of orientation, production conditions and so forth of the 
first KNN compound that serves as its primary phase, 
5 crystal oriented ceramics are obtained in which the 

displacement generated in a large electric field under 
the same temperature and electric field strength 
conditions is at least 1 . 1 times greater than a non- 
oriented sintered compact having the same composition, 

10 In addition, crystal oriented ceramics are obtained in 
which the aforementioned displacement is at least 1.2 
times that of a non-oriented sintered compact having the 
same composition if these conditions are optimized, and 
that in which the aforementioned displacement is at least 

15 1.3 times that of a non-oriented sintered compact are 

obtained if these conditions are optimized further. In 
addition, in an actuator material, it is preferable that 
the temperature dependency of the displacement generated 
in a large electric field is small. Non-oriented 

20 sintered compacts have large temperature dependency of 

the generated displacement, thereby making them 
unsuitable for use in actuator applications. However, by 
optimizing the composition, degree of orientation, 
production conditions and so forth of the first KNN 

2 5 compound serving as the primary phase, crystal oriented 
ceramics are obtained having superior temperature 
characteristics in which the amount of fluctuation from 
the average value of the maximum value and minimum value 
of the displacement generated in a large electric field 

30 is within at least ±20% over an arbitrary temperature 
range of 100 ®C or more. Moreover, crystal oriented 
ceramics are obtained in which the amount of fluctuation 
from the average value of the maximum displacement and 
the minimum displacement over an arbitrary temperature 

35 range of 100°C or more is within at least ±10% if these 
conditions are further optimized, within at least ±7% if 
these conditions are even further optimized, and within 
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at least ±5% if these conditions are optimized even more. 
Furthermore, in order to increase displacement, the 
electric field strength during driving is preferably 500 
V/mm or more, and more preferably 10 00 V/mm or more. 
5 Moreover, methods for controlling the displacement 

generated in a large electric field can be classified 
into: (1) a voltage control method in which the voltage 
is controlled as a parameter, (2) an energy control 
method in which displacement is controlled by using 

10 injection energy as a parameter, and (3) a charge control 
method in which displacement is controlled by using 
injection charge as a parameter. In the case of the 
voltage control method of ( 1 ) , the temperature dependency 
of the displacement generated at a constant voltage is 

15 preferably small. In the case of the energy control 
method of ( 2 ) , the temperature dependency of the 
displacement generated at a constant injection energy is 
preferably small. In the case of the charge control 
method of (3), the temperature dependency of the 

20 displacement generated at a constant injection charge is 
preferably small. 

In addition, in the case of energy control and 
charge control, since the terminal voltage applied to the 
actuator and drive circuit fluctuates according to the 

25 temperature dependency of the electrostatic capacitance 
in a large electric field, it is necessary to design the 
circuit at the upper limit of the amount of fluctuation 
of the terminal voltage. Since expensive circuit 
elements having a high withstand voltage may be required 

30 depending on the temperature characteristics of the 
electrostatic capacitance, the temperature 
characteristics of the electrostatic capacitance are 
preferably small. These findings can be easily 
understood from equations A3 and A4 . 

35 W = 1/2 X C X A3 

Q = C X V A4 
Here, W represents energy (J), C electrostatic 
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capacitance (F), V applied voltage (V) and Q charge (C). 

In addition, since actuator displacement (electric 
field induced displacement: AL) is in a proportional 
relationship with applied voltage, the displacement 
5 during constant electric field driving (EF: constant) is 
proportional to Dgg^^^g^ according to equation A5. 

AL = D33i,^g3 X EF^ XL A5 
Here, D331arge represents dynamic strain (m/V), EF^ 
maximum electric field strength (V/m) and L original 

10 length before application of voltage (m). Daaiarg© 

determined according to equation A6 as the dynamic strain 
of displacement generated in a direction parallel to the 
direction in which voltage is applied in the case of 
driving by applying a high voltage having an electric 

15 field strength of 0-2000 V/mm at a constant amplitude. 

D331arge = S^/EF^^ = (AL/L)/(V/L) A6 

Here, S,^^ represents the maximum strain. 

In addition, displacement (AL) during constant 
energy driving (W: constant) is proportional to 
20 D33iarge/(E33iarge)^''^ f^om equatlons A7 and A8, 

AL = 0331,,^, X (2 X W/C)'/^ A7 

C = E33i„g^ X eo X A/L A8 
Here, AL represents the amount of displacement induced 
by the electric field (m) , £33^^^^^ the dynamic dielectric 

25 constant, A the electrode surface area (m^) and the 
dielectric constant in a vacuum (F/m). 

Furthermore, E33i„^^ was calculated according to 
equation A9 by measuring the amount of polarization from 
a polarization-electric field hysteresis loop in the case 

30 of driving by applying a high voltage having an electric 
field strength of 0-2000 V/mm at a constant amplitude, 
and using the amount of injection charge during driving 
in the high electric field as the dielectric constant 
(dynamic dielectric constant) based on this. 

35 £33,^^, = P^/(EF^ X eo) = (Q„^/A)/(V/L) X Eq) A9 
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Here, P^^ represents the maximum charge density {C/m^) , 
^i^d Q^^ represents the maximum charge (C). 

Moreover, the displacement (electric field induced 
displacement: AL) during constant charge driving (Q: 
5 constant) is proportional to D^^^^^g^/E:^^^^^^^ according to 
equations AlO and A8 • 

= D33i^,g^ X Q/C AlO 
In non-oriented sintered compacts, the temperature 
dependencies of 0331^^^^ and E33ia^ge are large, and since the 

10 temperature dependencies of T^^^^^^^^g^/ {E^^^^^^^)^^^ and 

D33iarge/E33ia^g^ are also large, they are not suitable for 
actuator applications. However, by optimizing the 
composition, degree of orientation, production conditions 
and so forth of the first KNN compound that serves as the 

15 primary phase, crystal oriented ceramics having superior 
temperature characteristics are obtained in which any one 
of the amounts of fluctuation from the average value of 
the maximum and minimum values of D^^^^^^^^Z (E^^x^rg^)^^^ , 
D33iarge/E33i„ge or Ejai^g^ generated in a large electric field 

20 is at least within ±20% over an arbitrary temperature 
range of 100 °C or more. Moreover, crystal oriented 
ceramics are obtained in which the amount of fluctuation 
from the average value of the maximum and minimum values 

of D331arge/(E331arge)^^% D331arge/E331argo OT £331^^^ OVer an 

2 5 arbitrary temperature range of lOO'^C or more is at least 
within ±15% if these conditions are optimized, within 
±10% if they are further optimized, within ±8% if they 
are even further optimized, and within ±5% if they are 
optimized even more, 

30 Next, an explanation is provided of the first 

anisotropic shaped powder used in the production of the 
crystal oriented ceramics as claimed in the present 
invention. Ceramics having a complex composition in the 
manner of the first KNN compound are normally produced by 

35 mixing simple compounds containing constituent elements 
to their stoichiometric ratios, molding and calcing this 
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mixture followed by crushing and finally remolding and 
sintering of the crushed powder. However, in the case of 
such a method, it is extremely difficult to obtain an 
oriented sintered compact in which a specific crystal 
5 plane of each crystal grain is oriented in a specific 

direction. In order to solve this problem, the present 
invention orients a first anisotropic shaped powder that 
satisfies specific conditions in a molded product, and 
then synthesizes and sinters a first KNN compound using 

10 the first anisotropic shaped powder as a template or 

reactive template to orient a specific crystal plane of 
each crystal grain that composes the polycrystalline 
substance in a single direction. In the present 
invention, a first anisotropic shaped powder is used that 

15 satisfies the following conditions. 

First, a first anisotropic shaped powder is used 
that has a shape that facilitates orientation in a fixed 
direction during molding. Consequently, the average 
aspect ratio (i.e., the average of the maximum dimension 

20 of the first anisotropic shaped powder divided by the 

minimum dimension) of the first anisotropic shaped powder 
is preferably 3 or more. If the average aspect ratio is 
less than 3, it becomes difficult to orient the first 
anisotropic shaped powder in a single direction during 

25 molding, thereby making this undesirable. In order to 

obtain crystal oriented ceramics having a high degree of 
orientation, the average aspect ratio of the first 
anisotropic shaped powder is preferably 5 or more, and 
more preferably 10 or more. 

30 In general, orienting the first anisotropic shaped 

powder during molding tends to become easier the larger 
the average aspect ratio of the first anisotropic shaped 
powder. However, if the average aspect ratio becomes 
excessively large, the first anisotropic shaped powder 

35 may be crushed in the mixing step to be described later, 
thereby preventing the obtaining of a molded product in 
which the first anisotropic shaped powder is oriented. 
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Thus, the average aspect ratio of the first anisotropic 
shaped powder is preferably 100 or less. 

In addition, the average particle diameter of the 
first anisotropic shaped powder (average value of the 
5 dimension in the lengthwise direction) is preferably 0.05 

|uim or more. If the average particle diameter of the 
first anisotropic shaped powder is less than 0.05 [xm, it 
becomes difficult to orient the first anisotropic shaped 
particle in a fixed direction due to the shear stress 

10 that acts during molding. In addition, since the gain in 

interface energy is low, epitaxial growth into template 
particles becomes difficult when using the first 
anisotropic shaped powder as a reactive template when 
producing crystal oriented ceramics. 

15 On the other hand, the average particle diameter of 

the first anisotropic shaped powder is preferably 20 ^xm 
or less. If the average particle diameter of the first 
anisotropic shaped powder exceeds 20 \Am, sintering 
properties decrease thereby preventing the obtaining of 

20 crystal oriented ceramics having a high sintered compact 

density. The average particle diameter of the first 
anisotropic shaped powder is more preferably 0.1 to 10 
pim. 

Secondly, a powder in which the growth plane (plane 
25 that occupies the largest surface area) has lattice 

coherency with a specific crystal plane of the first KNN 
compound is used for the first anisotropic shaped powder. 
Even in the case of an anisotropic shaped powder having a 
predetermined shape, if its growth plane does not have 
3 0 lattice coherency with a specific crystal plane of the 

first KNN compound, it may not function as a reactive 
template for producing the crystal oriented ceramics as 
claimed in the present invention, thereby making this 
undesirable. 

35 The degree of lattice coherency can be represented 
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by the value obtained by dividing the absolute value of 
the difference between the lattice dimensions of the 
growth plane of the first anisotropic shaped powder and 
the lattice dimensions of a specific crystal plane of the 
5 first KNN compound by the lattice dimensions of the 

growth plane of the first anisotropic shaped powder (and 
this value is referred to as the "lattice coherency 
rate"). This lattice coherency rate may differ slightly 
depending on the direction taken by the lattice. In 

10 general, the first anisotropic shaped powder functions 
better as a template the smaller the average lattice 
coherency rate (average value of the lattice coherency 
rates calculated for each direction. In order to obtain 
crystal oriented ceramics having a high degree of 

15 orientation, the average lattice coherency rate of the 
first anisotropic shaped powder is preferably 20% or 
less, and more preferably 10% or less. 

Thirdly, the first anisotropic shaped powder is not 
necessarily required to have the same composition as the 

20 first KNN compound, but rather may be that which forms a 

first KNN compound having a target composition by 
reacting with a first reaction raw material to be 
described later. Thus, the first anisotropic shaped 
powder is selected from among a compound or solid 

25 solution that contains one or more types of any of the 

cationic elements contained in the first KNN compound to 
be produced. 

Furthermore, "anisotropic shape" refers to the 
dimension in the lengthwise direction being large in 

30 comparison with the dimension in the direction of width 
or thickness. More specifically, preferable examples of 
anisotropic shapes include plates, columns and scales. 
In addition, there are no particular restrictions on the 
type of crystal plane that composes the growth plane, and 

35 it may be selected from various crystal planes according 
to the objective. 

In the case of a first anisotropic shaped powder 
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that satisfies the aforementioned conditions, it 
functions as a template or reactive template for 
producing the crystal oriented ceramics as claimed in the 
present invention. The following provides specific 
5 examples of materials that satisfy these conditions. 

Preferable first specific examples of the material 
of the first anisotropic shaped powder include the 
isotropic perovskite compounds of NaNbOj (to be referred 
to as "NN"), KNb03 (to be referred to as "KN" ) and Ki. 
10 yNayNbOj or those in which a predetermined amount of Li, 
Ta and/or Sb is substituted or put into solid solution, 
and which are represented by the general formula shown 
below (to be collectively referred to as the "second KNN 
compound" ) ; 

15 {Li,(K,.yNay),.,,}{Nb, Ta,Sb,}03 (2) 

(wherein, x, y, z and w are respectively O^xsl, Osy 

si, OsZSl, 0SW:S 1). 

The second KNN compound naturally has satisfactory 
lattice coherency with the first KNN compound. 

2 0 Consequently, a first anisotropic shaped powder composed 
of the second KNN compound and having a specific crystal 
plane for its growth plane (to be specifically referred 
to as "anisotropic shaped powder A") functions a reactive 
template for producing the crystal oriented ceramics as 

25 claimed in the present invention. In addition, since 
anisotropic shaped powder A is substantially composed 
from cationic elements contained in the first KNN 
compound, crystal oriented ceramics can be produced 
having an extremely low level of impurity elements. 

30 Among these, a plate-like powder composed of the second 
KNN compound having a pseudo-cubic {100} plane for the 
growth plane is preferable as a reactive template for 
producing the crystal oriented ceramics as claimed in the 
present invention, while NN or KN plate-like powder 

35 having a pseudo-cubic {100} plane for the growth plane is 
particularly preferable. 
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A preferable second specific example of a raw 
material of the first anisotropic shaped powder is a 
powder composed of a layered perovskite compound and in 
which a crystal plane having a low level of surface 
5 energy has lattice coherency with a specific crystal 
plane of the first KNN compound. Since layered 
perovskite compounds have large anisotropy of the crystal 
lattice^ an anisotropic shaped powder having for its 
growth plane a crystal plane having a low level of 

10 surface energy (to be specifically referred to as the 
"second anisotropic shaped powder") can be synthesized 
comparatively easily. 

A first specific example of a layered perovskite 
composite that is preferable as the raw material of the 

15 second anisotropic shaped powder is the bismuth layered 

perovskite composite represented by the following general 
formula : 

( Bi^O^ ) ( Bio.5AM„-iNb^03^., ) ( 3 ) 

(wherein, m represents an integer of 2 or more, and AM 

20 represents at least one alkaline metal element selected 
from Li, K and Na). 

Since the surface energy of the {001} plane is 
smaller than the surface energy of other crystal planes 
in the compound represented by formula (3), a second 

25 anisotropic shaped powder having the {001} plane for the 
growth plane can be synthesized easily. Here, the {001} 
plane refers to the plane parallel to the (BijOg)^* layer 
of the bismuth layered perovskite composite represented 
by formula (3). Moreover, the {001} plane of the 

30 compound represented by formula (3) has extremely 

satisfactory lattice coherency with the pseudo-cubic 
{100} plane of the first KNN compound. 

Consequently, the second anisotropic shaped powder 
composed of the compound represented by formula (3) and 

35 having the {001} plane for its growth plane is preferable 

as a reactive template for producing crystal oriented 
ceramics having the pseudo-cubic {100} plane for its 
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growth plane. In addition, if the compound represented 
by formula (2) is used, crystal oriented ceramics can be 
produced having for its primary phase a first KNN 
compound substantially free of Bi as an A site element by 
5 optimizing the composition of the first reaction raw 
material to be described later. 

A second specific example of a layered perovskite 
compound preferable for use as a raw material of the 
second anisotropic shaped powder is SrgNbjO^. The surface 

10 energy of the {010} plane of SrjNbjO^ is lower than that 
of other crystal planes, and it has extremely 
satisfactory lattice coherency with the pseudo-cubic 
{110} plane of the first KNN compound. Consequently, an 
anisotropic shaped powder composed of SraNbgO^ and having 

15 the {010} plane for its growth plane is preferable as a 

reactive template for producing crystal oriented ceramics 
having the {110} plane for its growth plane. 

A third example of a layered perovskite compound 
preferable for use as a raw material of the second 

20 anisotropic shaped powder includes Na^ sBij.sNbaOij/ 
Naj.sBis.sNb^Ois, BisTiNbOg, BiaTiTaO^, Ko.sBig.sNbsOg , 
CaBijNbaOg, SrBijNbsOg, BaBijNbjOg, BaBiaTisNbOis r CaBigTajOg, 
SrBi2Ta209, BaBijTagOg, Nao.gBij.sTagOg, Bi^Ti^NbOji and 
BisNbaOis. The {001} planes of these compounds have 

25 satisfactory lattice coherency with the pseudo-cubic 
{100} plane of the first KNN compound. Consequently, 
anisotropic shaped powder composed of these compounds and 
which has the {001} plane for its growth plane is 
preferable as a reactive template for producing crystal 

30 oriented ceramics having the pseudo-cubic {100} plane for 
the growth plane. 

A fourth specific example of a layered perovskite 
compound preferable for use as a raw material of the 
second anisotropic shaped powder includes Ca2Nb207 and 

35 Sr2Ta207. The {010} planes of these compounds have 

satisfactory lattice coherency with the pseudo-cubic 
{110} plane of the first KNN compound. Consequently, 
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anisotropic shaped powder composed of these compounds and 
which has the {010} plane for its growth plane is 
preferable as a reactive template for producing crystal 
oriented ceramics having the pseudo-cubic {110} plane for 
5 the growth plane . 

Next, an explanation is provided of a method for 
producing the first anisotropic shaped powder. A first 
anisotropic shaped powder composed of a layered 
perovskite composite provided with a predetermined 

10 composition, average particle diameter and/or aspect 

ratio (namely, a second anisotropic shaped powder) can be 
easily produced by heating a raw material such as an 
oxide, carbonate or nitrate containing a constituent 
element of the second anisotropic shaped powder (to be 

15 referred to as the "anisotropic shaped powder forming raw 
material") with a liquid or substance that becomes a 
liquid as a result of heating. 

If the anisotropic shaped powder forming raw 
material is heated in a liquid phase that facilitates 

20 diffusion of atoms, a second anisotropic shaped powder 

can be easily synthesized in which a plane having a low 
level of surface energy (for example, the {001} plane in 
the case of the substance represented by formula (3)) has 
grown preferentially. In this case, the average aspect 

2 5 ratio and average particle diameter of the second 

anisotropic shaped powder can be controlled by suitably 
selecting the synthesis conditions. 

Specific preferable examples of a method for 
producing the second anisotropic shaped powder include a 

30 method in which a suitable flux (such as NaCl, KCl, 

mixture of NaCl and KCl, BaClg or KF) is added to the 
anisotropic shaped powder forming raw material followed 
by heating at a predetermined temperature (flux method), 
and a method in which an irregularly shaped powder having 

35 a composition identical to the second anisotropic shaped 

powder to be produced is heated in an autoclave with an 
aqueous alkaline solution (aqueous heating synthesis 
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method) . 

On the other hand, since the anisotropy of the 
crystal lattice is extremely small in the second KNN 
compound, it is difficult to synthesize directly a first 
5 anisotropic shaped powder composed of a second KNN solid 
solution and which has a specific crystal plane for its 
growth plane (namely, anisotropic shaped powder A). 
However, anisotropic shaped powder A can be produced by 
heating with a second reaction raw material that 

10 satisfies predetermined conditions in a flux using the 
aforementioned second anisotropic shaped powder as a 
reactive template . 

Furthermore, in the case of synthesizing anisotropic 
shaped powder A using the second anisotropic shaped 

15 powder as a reactive template, optimization of the 

reaction conditions makes it possible to cause changes to 
occur only in the crystal structure without causing 
hardly any changes in the powder shape. In addition, 
although the average particle diameter and/or aspect 

2 0 ratio of the second anisotropic shaped powder are 

normally kept the same before and after reaction, if the 
reaction conditions are optimized, the average particle 
diameter and/or aspect ratio of the resulting anisotropic 
shaped powder A can be increased or decreased. 

25 However, in order to synthesize an anisotropic 

shaped powder A that can easily be oriented in a single 
direction during molding, the second anisotropic shaped 
powder used during that synthesis also preferably has a 
shape that facilitates orientation in a single direction 

30 during molding. 

Namely, in the case of synthesizing anisotropic 
shaped powder A using the second anisotropic shaped 
powder as a reactive template as well, the average aspect 
ratio of the second anisotropic shaped powder is 

35 preferably at least 3 or more, more preferably 5 or more, 
and even more preferably 10 or more. In addition, in 
order to suppress crushing in the following steps, the 
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average aspect ratio is preferably 100 or less. 
Moreover, the average particle diameter of the second 
anisotropic shaped powder is preferably 0.05 to 20 |uiin, 
and more preferably 0.1 to 10 \m. 
5 The "second reaction raw material" refers to that 

which at least forms anisotropic shaped powder A composed 
of the second KNN compound by reacting with the 
aforementioned second anisotropic shaped powder. In this 
case, the second reaction raw material may form only the 

10 second KNN compound by reacting with the second 

anisotropic shaped powder, or it may form both the second 
KNN compound and a superfluous component. Here, the 
"superfluous component" refers to a substance other than 
the target second KNN compound. In addition, in the case 

15 a superfluous component is formed by the second 

anisotropic shaped powder and second reaction raw 
material, the superfluous component is preferably 
composed of that which is easily removed either thermally 
or chemically. 

2 0 There are no particular restrictions on the shape of 

the second reaction raw material, and an oxide powder, 
compound oxide powder, carbonate, nitrate or oxalate salt 
or alkoxide, for example, can be used. In addition, the 
composition of the second reaction raw material is 

2 5 determined according to the composition of the second KNN 
compound to be produced and the composition of the second 
anisotropic shaped powder. 

For example, in the case of synthesizing an 
anisotropic shaped powder A composed of NN, which is a 

30 type of second KNN compound, using a second anisotropic 

shaped powder composed of Bi2.5Nao.5Nb209, which is a type 
of bismuth layered perovskite composite represented by 
formula (3) (to be referred to as "BINN2"), a compound 
containing Na (oxide, hydroxide, carbonate, nitrate and 

35 so forth) should be used for the second reaction raw 
material. In this case, an Na-containing compound 
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equivalent to 1.5 mol of Na atoms to 1 mol of BINN2 
should be added as the second reaction raw material. 

when 1 wt% to 500 wt% of a suitable flux (for 
example, NaCl, KCl, mixture of NaCl and KCl, BaClj or KF ) 
5 is added to a second anisotropic shaped powder and second 
reaction raw material having the aforementioned 
compositions followed by heating to the eutectic point or 
melting point, a superfluous component consisting 
primarily of NN and BiaOa is formed. Since BijOg has a 

10 low melting point and is also susceptible to acid, after 
removing the flux from the resulting reaction product by 
washing with hot water and so forth, it is then either 
heated at a high temperature or washed with acid to 
obtain an anisotropic shaped powder composed of NN having 

15 the {100} plane for the growth plane. 

In addition, in the case of, for example, 
synthesizing an anisotropic shaped powder A composed of 
Kq 5Nao.5Nb03, which is a type of second KNN solid solution 
(to be referred to as "KNN") using a second anisotropic 

20 shaped powder composed of BINN2 , a compound containing Na 
(such as an oxide, hydroxide, carbonate or nitrate) and a 
compound containing K (such as an oxide, hydroxide, 
carbonate or nitrate), or a compound containing both Na 
and K, should be used for the second reaction raw 

2 5 material. In this case, an Na-containing compound 

equivalent to 0.5 mol of Na atoms and a K-containing 
compound equivalent to 1 mol of K atoms, with respect to 
1 mol of BINN2 , should be added as the second reaction 
raw material. 

30 When 1 wt% to 500 wt% of a suitable flux is added to 

a second anisotropic shaped powder and a second reaction 
raw material having the aforementioned compositions 
followed by heating to the eutectic point or melting 
point, since a superfluous component is formed consisting 

35 primarily of KNN and Bi203, if the flux and BigOj are 

removed from the resulting reaction product, an 
anisotropic shaped powder A is obtained composed of KNN 
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and which has the {100} plane for its growth plane. 

This applies similarly to the case of forming only 
the second KNN compound by reacting the second 
anisotropic shaped powder and the second reaction raw 
5 material, in that a second anisotropic shaped powder 

having a predetermined composition and a second reaction 
raw material having a predetermined composition should be 
heated in a suitable flux. As a result, a second KNN 
compound having the target composition is formed in the 

10 flux. In addition, if the flux is removed from the 

resulting reaction product, an anisotropic shaped powder 
A is obtained composed of the second KNN compound and 
which has a specific crystal plane for its growth plane. 

Since the anisotropy of the crystal lattice is small 

15 in the second KNN compound, it is difficult to 

synthesize an anisotropic shaped powder A directly. In 
addition, it is also difficult to synthesize directly an 
anisotropic shaped powder A having an arbitrary crystal 
plane for the growth plane. 

20 In contrast, since the anisotropy of the crystal 

lattice is large in the case of layered perovskite 
composites, it is easy to synthesize an anisotropic 
shaped powder directly from such a compound. In 
addition, the growth surface of an anisotropic shaped 

2 5 powder composed of a layered perovskite composite 

frequently has lattice coherency with a specific crystal 
plane of a second KNN compound. Moreover, second KNN 
compounds are thermodynamic ally more stable as compared 
with layered perovskite composites. Consequently, when a 

30 second reaction raw material is reacted in a suitable 
flux with a second anisotropic shaped powder, which is 
composed of a layered perovskite composite and in which 
its growth plane has lattice coherency with a specific 
growth plane of a second KNN compound, the second 

35 anisotropic shaped powder functions as a reactive 

template, facilitating the synthesis of an anisotropic 
shaped powder A composed of a second KNN compound that 
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inherits the orientation azimuth of the second 
anisotropic shaped powder. 

In addition, by optimizing the compositions of the 
second anisotropic shaped powder and the second reaction 
5 raw material, A site elements contained in the second 
anisotropic shaped powder (to be referred to as 
"superfluous A site elements" are expelled in the form of 
superfluous components, and an anisotropic shaped powder 
A is formed that is composed of a second KNN compound 

10 free of superfluous A site elements. 

In the case the second anisotropic shaped powder is 
composed of a bismuth layered perovskite composite as 
shown in formula (3) in particular, Bi is expelled as a 
superfluous A site element, and a superfluous component 

15 is formed composed primarily of BigOg. Consequently, if 

this superfluous component is removed either thermally or 
chemically, an anisotropic shaped powder A is obtained 
composed of a second KNN compound but substantially free 
of Bi, and having a specific crystal plane for its growth 

20 plane. 

Next, an explanation is provided of a method for 
producing crystal oriented ceramics as claimed in the 
present invention. The crystal oriented ceramics 
production method as claimed in the present invention is 

25 provided with a mixing step, a molding step and a heat 
treatment step. 

First, an explanation is provided of the mixing 
step. The mixing step consists of mixing a first 
anisotropic shaped powder and a first reaction raw 

30 material. Here, the "first anisotropic shaped powder" 
refers to that in which the growth plane has lattice 
coherency with a specific crystal plane of a first KNN 
compound. Specific examples of powders that can be used 
for the first anisotropic shaped powder include the 

35 previously described anisotropic shaped powder A and the 
second anisotropic shaped powder. 

In addition, the "first reaction raw material" 
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refers to that which at least forms a first KNN compound 
by reacting with a first anisotropic shaped powder. In 
this case, the first reaction raw material may form only 
the first KNN compound by reacting with the first 
5 anisotropic shaped powder, or it may form both the second 
KNN compound and a superfluous component. In addition, 
in the case a superfluous component is formed by the 
first anisotropic shaped powder and first reaction raw 
material, the superfluous component is preferably that 

10 which is easily removed either thermally or chemically. 
The composition of the first reaction raw material 
is determined according to the composition of the first 
anisotropic shaped powder and the first KNN compound to 
be produced. In addition, there are no particular 

15 restrictions on the shape of the first reaction raw 

material, and an oxide powder, compound oxide powder, 
carbonate, nitrate or oxalate salt or alkoxide, for 
example, can be used. 

For example, in the case of producing crystal 

20 oriented ceramics composed of a first KNN compound using 

an anisotropic shaped powder A having a KNN or NN 
composition for the first anisotropic shaped powder, a 
mixture of compounds containing at least one element 
selected from Li, K, Na, Nb, Ta and Sb should be used for 

25 the first reaction raw material, and these should be 

blended to have a stoichiometric composition so that a 
first KNN compound is formed having the target 
composition from the anisotropic shaped powder A and the 
first reaction raw material. 

30 In addition, in the case of producing crystal 

oriented ceramics composed of a first KNN compound by 
using a second anisotropic shaped powder having the 
composition represented by formula (3) for the first 
anisotropic shaped powder, a mixture of compounds 

35 containing at least one element selected from Li, K, Na, 

Nb, Ta and Sb should be used for the first reaction raw 
material, and these should be blended to have a 
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stoichiometric composition so that a first KNN compound 
having the target composition and Bi203 are formed from 
the second anisotropic shaped powder and the first 
reaction raw material. This applies similarly to cases 
5 of producing crystal oriented ceramics having other 
compositions . 

Furthermore, in the mixing step, an irregular fine 
powder (to be referred to as a "compound fine powder"), 
composed of a compound having the same composition as the 

10 first KNN compound obtained by these reactions, and/or a 
sintering aid (such as CuO) may be added to the first 
anisotropic shaped powder and first reaction raw material 
blended at a predetermined ratio. The addition of a 
compound fine powder and sintering assistant to the first 

15 anisotropic shaped powder and first reaction raw material 
has the advantage of further facilitating fineness of the 
sintered compact. 

In addition, in the case of blending in a compound 
fine powder, if the blending ratio of the compound fine 

20 powder is excessively large, there is the risk of the 
degree of orientation of a specific crystal plane 
decreasing since the blending ratio of the first 
anisotropic shaped powder inevitably becomes lower. 
Thus, the blending ratio of the compound fine powder is 

2 5 preferably selected to be the optimum ratio according to 
the required density and degree of orientation of the 
sintered compact. 

The blending ratio of the first anisotropic shaped 
powder is preferably made to be such that the ratio of A 

30 sites occupying the first KNN compound represented by 

AB03 is 0.01-70 at%, more preferably 0.1-50 at%, and even 
more preferably 1-10 at%, by one or a plurality of 
constituent elements within the first anisotropic shaped 
powder . 

35 Moreover, mixing of the first anisotropic shaped 

powder and first reaction raw material with a compound 
fine powder and sintering assistant if necessary may be 
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performed by dry mixing or by wet mixing by adding a 
suitable dispersant such as water or alcohol. Moreover, 
a binder and/or plasticizer may also be added if 
necessary at this time. 
5 Next, an explanation is provided of the molding 

step. In the molding step, the mixture obtained in the 
mixing step is molded so that the first anisotropic 
shaped powder is oriented. In this case, the mixture may 
be molded so that the first anisotropic shaped powder is 

10 planar oriented or so that the first anisotropic shaped 
powder is axially oriented. 

There are no particular restrictions on the molding 
method provided it allows the first anisotropic shaped 
powder to be oriented. Specific preferred examples of 

15 molding method resulting in planar orientation of the 

method first anisotropic shaped powder include the doctor 
blade, press molding and rolling methods. In addition, 
specific preferred examples of molding methods resulting 
in axial orientation of the first anisotropic shaped 

20 powder include extrusion molding and centrifugal molding. 

In addition, treatment such as laminated pressing, 
pressing, rolling may be carried out to increase the 
thickness of the molded product in which the first 
anisotropic shaped powder is planar oriented (to be 

25 referred to as a "planar oriented molded product") or 

increase the degree of orientation (to be referred to as 
"planar orientation treatment"). In this case, one type 
of any planar orientation treatment or two or more types 
of such treatment may be carried out on the planar 

30 oriented molded product. In addition, a single type of 

planar orientation treatment may be carried out once or a 
plurality of times on a planar oriented molded product, 
or two or more types of planar orientation treatment may 
be carried out a plurality of times each. Next, an 

35 explanation is provided of the heat treatment step. In 
the heat treatment step, the molded product obtained in 
the molding step is heated to cause the first anisotropic 
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shaped powder and first reaction raw material to react. 
When a molded product containing a first anisotropic 
shaped powder and first reaction raw material is heated 
to a predetermined temperature, a first KNN compound is 
5 formed by these reactions, and simultaneous to its 
formation, sintering of the first KNN compound 
progresses. In addition, a superfluous component may 
also be formed simultaneously depending on the 
compositions or the first anisotropic shaped powder 

10 and/or reaction raw material. 

The heating temperature should be selected to be the 
optimum temperature according to the composition and so 
forth of the first anisotropic shaped powder used, the 
first reaction raw material, and the crystal oriented 

15 ceramics to be produced so that the reaction and/or 
sintering proceed efficiently and a reaction product 
having the target composition is formed. 

For example, in the case of producing crystal 
oriented ceramics composed of the first KNN compound 

20 using an anisotropic shaped powder A having a KNN 

composition, heating is typically carried out at 900- 
1300 ""C, The optimum heating temperature varies according 
to the composition of the first KNN compound. In 
addition, heating may be carried out in an atmosphere of 

25 air or oxygen or under reduced pressure or in a vacuum. 
Moreover, the optimum time should be selected for the 
heating time corresponding to the heating temperature so 
that the predetermined sintered compact density is 
obtained. 

30 In addition, in the case a superfluous component is 

formed due to reaction between the first anisotropic 
shaped powder and first reaction raw material, the 
superfluous component may be allowed to remain in the 
sintered compact as a secondary phase, or the superfluous 

35 component may be removed from the sintered compact. In 
the case of removing the superfluous component, a method 
by which the superfluous component is removed thermally 
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or a method in which it is removed chemically may be 
used* 

A method for removing a superfluous component 
thermally consists of heating the sintered compact in 
5 which the first KNN compound and a superfluous component 
have formed (to be referred to as an "intermediate 
sintered compact" ) to a predetermined temperature to 
volatilize the superfluous component. More specifically^ 
preferable examples of this method include a method in 

10 which the intermediate sintered compact is heated at a 
temperature at which volatilization of the superfluous 
component occurs either under reduced pressure or in a 
vacuum^ and a method in which the intermediate sintered 
compact is heated for an extended period of time at a 

15 temperature at which volatilization of the superfluous 
component occurs either in air or in oxygen. 

The optimum temperature should be selected for the 
heating temperature during thermal removal of a 
superfluous component according to the composition of the 

20 first KNN compound and/or the superfluous component so 

that volatilization of the superfluous component proceed 
efficiently and the formation of byproducts is inhibited. 
For example, in the case in which the superfluous 
component is single phase bismuth oxide, the heating 

25 temperature is preferably 800-1300*'C, and more preferably 
1000-1200°C. 

A method for chemically removing a superfluous 
component consists of immersing the intermediate sintered 
compact in a treatment liquid having the property of 

30 eroding only the superfluous component followed by 

extraction of the superfluous component. The optimum 
treatment liquid used should be selected according to the 
composition of the first KNN compound and/or the 
superfluous component. For example, in the case in which 

35 the superfluous component is single phase bismuth oxide, 
an acid such as nitric acid or hydrochloric acid is 
preferably used for the treatment liquid. Nitric acid is 
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particularly preferable as a treatment liquid for 
chemically extracting a superfluous component having 
bismuth oxide for its main component. 

The reaction between the first anisotropic shaped 
5 powder and first reaction raw material and the removal of 
superfluous component may be carried out simultaneously, 
successively or independently. For example, the sintered 
compact may be heated directly under reduced pressure or 
in a vacuum to a temperature at which both reaction 

10 between the first anisotropic shaped powder and first 

reaction raw material and volatilization of superfluous 
components proceed efficiently, after which a superfluous 
component may be removed simultaneous to the reaction. 

In addition, the sintered compact may be heated, for 

15 example, in air or in oxygen to a temperature at which 

reaction between the first anisotropic shaped powder and 
first reaction raw material proceeds efficiently, and 
after an intermediate sintered compact has been formed, 
the sintered comtact is subsequently heated under reduced 

20 pressure or in a vacuum to a temperature at which 
volatilization of a superfluous component proceeds 
smoothly, followed by removal of the superfluous 
component. Alternatively, after having formed an 
intermediate sintered compact, the intermediate sintered 

2 5 compact may subsequently be heated in air or oxygen for 
an extended period of time at a temperature at which 
volatilization of a superfluous component proceeds 
efficiently to remove the superfluous component. In 
addition, after having formed an intermediate sintered 

30 compact and then cooling the intermediate sintered 
compact to room temperature, for example, the 
intermediate sintered compact may be immersed in a 
treatment liquid to chemically remove a superfluous 
component. Alternatively, after having formed an 

35 intermediate sintered compact and cooling to room 

temperature, the intermediate sintered compact may be 
heated again to a predetermined temperature in a 
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predetermined atmosphere to thermally remove a 
super f luous component • 

Furthermore, in the case the molded product contains 
a binder, heat treatment may be carried out for the 
5 purpose of debinding prior to the heat treatment step. 
In this case, the temperature of debinding should be a 
temperature that is at least adequate for thermally 
debinding the binder • However^ in the case easily 
volatilized substances (such as Na compounds) are 

10 contained in the raw material, debinding is preferably 
carried out at 500 °C or lower. 

In addition, when an oriented molded product is 
defound, there are cases in which the degree of 
orientation of the first anisotropic shaped powder in the 

15 oriented molded product may decrease, or volumetric 

expansion may occur in the oriented molded product. In 
such cases, cold isotatic pressure (CIP) treatment is 
preferably additionally carried out on the oriented 
molded product after debinding but before heat treatment. 

20 If hydrostatic pressure treatment is additionally carried 
out on an oriented molded product after debinding, there 
is the advantage of being able suppress decreases in the 
degree of orientation or decreases in sintered compact 
density caused by volumetric expansion of the oriented 

25 molded product. 

In addition, in the case of formation of a 
superfluous component due to reaction between the first 
anisotropic shaped powder and first reaction raw 
material, during removal of a superfluous component, 

30 hydrostatic pressure treatment may be additionally 

carried out on the intermediate sintered compact from 
which a superfluous component has been removed followed 
by re-sintering. In addition, a method in which hot 
pressing is additionally carried out on the sintered 

35 compact following heat treatment is also effective for 

further enhancing the sintered compact density and degree 
of orientation. Moreover, the addition of a compound 



- 41 - 



fine powder, hydrostatic pressure treatment and a hot 
press method may also be combined. 

Next, an explanation is provided of the action of 
the crystal oriented ceramics production method as 
5 claimed in the present invention. When the first 

anisotropic shaped powder and the first reaction raw 
material are mixed, and this mixture is molded using a 
molding method such that force acts on the first 
anisotropic shaped powder from a single direction, the 

10 first anisotropic shaped powder is oriented in the molded 
product due to shear stress that acts on the first 
anisotropic shaped powder. When such a molded product is 
heated at a predetermined temperature, the first 
anisotropic shaped powder and first reaction raw material 

15 react resulting in the formation of a first KNN compound. 
At this time, since there is lattice coherency 
between the growth plane of the first anisotropic shaped 
powder and a specific crystal plane of the first KNN 
compound, the growth plane of the first anisotropic 

20 shaped powder is inherited as a specific crystal plane of 

the first KNN compound formed. Consequently, anisotropic 
shaped crystals of the first KNN compound are formed in a 
sintered compact in which a specific crystal plane is 
oriented in a single direction. 

25 Conventional methods of forming only an isotropic 

perovskite compound by using an anisotropic shaped powder 
composed of a layered perovskite composite for the 
reactive template were only capable of producing crystal 
oriented ceramics or anisotropic shaped powder composed 

30 of an isotropic perovskite compound containing all of the 
A site elements and B site elements contained in the 
anisotropic shaped powder and other raw materials. 

On the other hand, although it was required that the 
material of the anisotropic shaped powder used for the 

35 reactive template have large anisotropy of the crystal 
lattice and lattice coherency with the isotropic 
perovskite compound, depending on the composition of the 
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isotropic perovskite compound to be produced, there were 
either no such materials that satisfied these conditions 
or it was extremely difficult to find such a material. 
Thus, in the case of such conventional methods, there 
5 were limitations on controlling the composition of the 

resulting crystal oriented ceramics or anisotropic shaped 
powder, and more particularly, on controlling the 
composition of the A site elements. 

In contrast, according to a first method, in which 

10 an anisotropic shaped powder A composed of a second KNN 
compound is synthesized by using a second anisotropic 
shaped powder composed of a layered perovskite composite 
that facilitates synthesis of an anisotropic shaped 
powder as a reactive template, followed by producing 

15 crystal oriented ceramics by using this anisotropic 

shaped powder A as a reactive template, crystal oriented 
ceramics in which an arbitrary crystal plane is oriented 
can be produced both easily and inexpensively even in the 
case of a first KNN compound having low crystal lattice 

20 anisotropy. 

Moreover, if the compositions of the second 
anisotropic shaped powder and the second reaction raw 
material are optimized, an anisotropic shaped powder can 
even be synthesized that does not contain a superfluous A 

2 5 site element. Consequently, crystal oriented ceramics 
can be produced that facilitates easier control of the 
composition of A site elements as compared with 
conventional methods, and which has for its primary phase 
a first KNN compound having a composition that cannot be 

30 obtained with conventional methods. 

In addition, according to a second method that uses 
a second anisotropic shaped powder composed of a layered 
perovskite composite, a first KNN compound can be 
synthesized simultaneous to sintering. In addition, if 

35 the compositions of the second anisotropic shaped powder 
oriented in the molded product and the first raw reaction 
material that reacts with it are optimized, superfluous A 
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site elements can be expelled as superfluous components 
from the second anisotropic shaped powder simultaneous to 
synthesis of the first KNN compound. 

In addition, in the case of having used a second 
5 anisotropic shaped powder that forms a superfluous 

component that is easily removed either thermally or 
chemically for the first anisotropic shaped powder, 
crystal oriented ceramics are obtained that are composed 
of the first KNN compound but substantially free of 

10 superfluous A site elements, and in which a specific 
crystal plane is oriented. 

Moreover, since crystal oriented ceramics obtained 
according to the method as claimed in the present 
invention are composed of a first KNN compound containing 

15 a predetermined amount of Li, Ta and/or Sb, they exhibit 
a higher piezoelectric d^i constant and electromechanical 
coupling coefficient kp as compared with sintered 
compacts composed of isotropic perovskite in which they 
are not contained. In addition, since crystal oriented 

20 ceramics obtained in this manner have a specific crystal 

plane oriented at a high degree of orientation, they 
exhibit a higher piezoelectric d^^ constant, 
electromechanical coupling coefficient kp and 
piezoelectric g3i constant than non-oriented sintered 

25 compacts having the same composition. 
Example 1 

(1) Composition of NN Plate-Like Powder 

BijOa powder, NajCOa powder and NbjOs powder were 

weighed out to have a composition of Bi2.5Na3 sNbgOig in 
30 terms of their stoichiometric ratio (to be referred to as 

"BINN5") followed by their wet mixing. Next, 50 wt% of 

flux in the form of NaCl was added to this raw material 

followed by dry mixing for 1 hour. 

Next, after placing the resulting mixture in a 
35 platinum crucible and heating under conditions of 850 ®C 

for 1 hour to completely melt the flux, the mixture was 

additionally heated under conditions of 1100°C for 2 



hours to synthesize BINN5 . Furthermore, the rate of the 
temperature increase was set to 200°C/hour and the 
temperature was lowered by cooling the oven. Following 
cooling, the flux was removed by washing the reaction 
5 product with hot water to obtain BINN5 powder. The 

resulting BINN5 powder was a plate-like powder having the 
{001} plane for its growth plane • 

Next, an amount of NaaCOa powder required for NN 
synthesis was added to this BINN5 plate-like powder 

10 followed by mixing and then heat treatment at 950 °C for 8 
hours in a platinum crucible using NaCl as flux. 

Since the resulting reaction product contained BijOg 
in addition to NN powder, after removing the flux from 
the reaction product, it was placed in HN03 (1 N) to 

15 dissolve the 31263 formed as a superfluous component. 

Moreover, the NN powder was separated by filtering this 
solution and then washed with ion exchange water at 80 °C. 
The resulting NN powder was a plate-like powder having 
the pseudo-cubic {100} plane for the growth plane, a 

20 particle diameter of 10-20 [xm, and an aspect ratio of 
about 10-2 0. 

(2) Production of Crystal Oriented Ceramics Having the 
Composition of {Lio.02 ( Ko.sNao.s ) 0.99} {Nbo.94Sbo.o6}03 
The NN plate-like powder produced in (1) above, non- 
25 plate- like NN powder, KN powder, KT (KTa03) powder, LS 
(LiSb03) powder and NS (NaSbOj) powder were weighed out 
to have the desired composition followed by wet mixing 
for 20 hours. 

After adding 10.35 g each of binder (Sekisui 
30 Chemical, S-LEK (registered trademark) BH-3) and 

plasticizer (butylphthalic acid) to the slurry with 
respect to 1 mol of {Lio.o2(Ko.5Nao.5)o.98} {Nbo.94Sbo. 06)03 
synthesized from the starting raw material, the mixture 
was additionally mixed for 2 hours. 
35 Furthermore, the blended amount of NN plate-like 

powder was taken to be the amount for which 5 at% of the 
A site elements of a first KNN solid solution (ABO3) 
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synthesized from the starting raw material are supplied 
from the NN plate-like powder. In addition, the non- 
plate-like NN powder, KN powder, KT powder, LS powder and 
NS powder were produced according to the solid phase 
5 method in which mixtures containing predetermined amounts 
of K2CO3 powder, NagCOg powder, NbjOg powder, TagOg powder 
and/or SbjOg powder were heated for 5 hours at 750 °C 
followed by crushing the reaction products with a ball 
mill . 

10 Next, the mixed slurry was formed into the shape of 

a tape having a thickness of 100 jxm using a doctor blade 
device. Moreover, a plate-like molded product having a 
thickness of 1 . 5 mm was obtained by laminating, pressing 
and rolling this tape. Next, the resulting plate-like 

15 molded product was defound in air under the conditions of 
a heating temperature of 600 °C, heating time of 2 hours, 
rate of temperature increase of 50°C/hour and cooling 
rate equal to the rate of oven cooling. Moreover, after 
subjecting the defound plate-like molded product to CIP 

20 treatment at a pressure of 300 MPa, it was sintered under 
normal pressure in oxygen under conditions of a sintering 
temperature of 1100°C, heating time of 1 hour, and rate 
of temperature increase and decrease of 200''C/hour. 

The sintered compact density, the average degree of 

25 orientation F(IOO) according to the Lotgering method of 

the {100} plane for a plane parallel to the tape surface, 
along with piezoelectric characteristics consisting of 
the piezoelectric strain constant (dji), 
electromechanical coupling coefficient (k^) and 

30 piezoelectric voltage sensor g coefficient (gai) were 
measured for the resulting sintered compact. 

Furthermore, the average degree of orientation 
F(IOO) was calculated using Equation 1. In addition, the 
piezoelectric characteristics were measured under 

35 conditions of an electric field strength of 1 V/mra 

according to the resonance- anti-resonance method at room 
temperature under the condition of the electric field 1 
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V/nun by fabricating a disc-shaped sample having a 
thickness of 0 . 7 mm and diameter of 11 mm, and in which 
its upper and lower surfaces are parallel to the tape 
surface, from the resulting sintered compact by grinding, 
5 polishing and machining, coating the upper and lower 

surfaces with Au electrodes by sputtering, and performing 
polarization treatment in the upward and downward 
directions of the disc-shaped sample. Temperature 
dependency of the piezoelectric d^j^ constant over a 

10 temperature range of 0-200 °C and Curie temperature were 
evaluated as necessary. 

The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 
addition, the pseudo-cubic {100} plane was oriented 

15 parallel to the tape surface, and the average degree of 

orientation of the pseudo-cubic {100} plane as determined 
by the Lotgering method reached 82%. Moreover, as a 
result of evaluating the piezoelectric characteristics at 
room temperature, d3i was 85.9 pm/V, kp was 0. 5 32 and ggi 

20 was 15.6 x 10"^ Vm/N. These values represented an 

improvement of 1.2 9 times, 1.22 times and 1.6 9 times, 
respectively, as compared with a non-oriented sintered 
compact of the same composition (Comparative Example 1) 
to be described later. In addition, this crystal 

2 5 oriented ceramics had a value of da^ that was roughly 

twice that of KNN crystal oriented ceramics (Comparative 
Example 5) to which Li, Ta and Sb were not added to be 
described later. 
Example 2 

30 Crystal oriented ceramics having the composition of 

{Lio.o2(Ko.5Nao.5)o.98}{Nbo.94Sbo.o6}03 was produced according to 
the same procedure as Example 1 with the exception of 
making the sintering temperature of the plate-like molded 
product after debinding 1125°C. Sintered compact 

35 density, average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 
oriented ceramics under the same conditions as Example 1. 
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The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 
addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 
5 orientation of the pseudo-cubic {100} plane as determined 
by the Lotgering method reached 82%. Moreover, as a 
result of evaluating the piezoelectric characteristics at 
room temperature, dg^ was 93.2 pm/V, kp was 0.588 and gg^ 
was 16.5 X 10'^ Vm/N. These values represented an 

10 improvement of 1.40 times, 1.35 times and 1.7 9 times, 
respectively, as compared with a non-oriented sintered 
compact of the same composition (Comparative Example 1) 
to be described later. Moreover, as a result of 
evaluating the temperature dependency of dg^, the maximum 

15 value of da^ over a range of 0-200 ""C reached 146.7 pm/V, 
which represented an improvement of 1.17 times as 
compared with Comparative Example 1. In addition, the 
Curie temperature was 311 °C. 
Example 3 

2 0 Crystal oriented ceramics having the composition of 

{Lio. o2(Ko.5Nao. 5)0. 98} {Nbo.ssTao.ioSbo. 02)03 was produced according 
to the same procedure as Example 1 with the exception of 
blending the starting raw materials so that the 

composition was {Lio.o2(Ko.5Nao.5)o.98}{Nbo.88Tao.ioSbo.o2}03 and 
25 making the sintering temperature of the plate-like molded 
product after debinding 1125°C. Sintered compact 
density, average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 
oriented ceramics under the same conditions as Example 1. 
30 The relative density of the crystal oriented 

ceramics obtained in this example was 95% or more. In 
addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 
orientation of the pseudo-cubic {100} plane as determined 
35 by the Lotgering method reached 81%. Moreover, as a 

result of evaluating the piezoelectric characteristics at 
room temperature, d^^ was 79.9 pm/V, kp was 0.537 and g^^ 
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was 16.0 X 10'^ Vm/N. These values represented an 
improvement of 1.2 0 times, 1.2 0 times and 1.67 times, 
respectively, as compared with a non-oriented sintered 
compact of the same composition (Comparative Example 2) 
5 to be described later. 
Example 4 

Crystal oriented ceramics having the composition of 
{Lio,o2(Ko.5Nao.5)o.98>{Nbo.8iTao.i4Sbo 05)03 was produced according 
to the same procedure as Example 1 with the exception of 
10 blending the starting raw materials so that 2 at% of the 
A site elements are supplied from an NN plate-like 
powder, that the composition was 

{Lio.o2(Ko.5Nao. 5)0. 98}{Nbo.8iTao.i4Sbo. 05)03, and making the 
sintering temperature of the plate-like molded product 

15 after degreasing 1150°C. Sintered compact density, 
average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 
oriented ceramics under the same conditions as Example 1. 
The relative density of the crystal oriented 

20 ceramics obtained in this example was 95% or more. In 

addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 
orientation of the pseudo-cubic {10 0} plane as determined 
by the Lotgering method reached 75%. Moreover, as a 

25 result of evaluating the piezoelectric characteristics at 
room temperature, d^^ was 123.0 pm/V, kp was 0.588 and g3i 
was 11.8 X 10'^ Vm/N. These values represented an 
improvement of 1.54 times, 1.45 times and 1.63 times, 
respectively, as compared with a non-oriented sintered 

30 compact of the same composition (Comparative Example 3) 
to be described later. 
Example 5 

Crystal oriented ceramics having the composition of 

{Lio.o2(Ko.5Nao.5)o.98}{Nbo,8iTao.i4Sbo.o5}03 was produced according 
35 to the same procedure as Example 1 with the exception of 
blending the starting raw materials so that the 
composition was {Lio.o2(Ko.5Nao.5)o.98} {Nbo.8iTao.i4Sbo,o5}03 and 
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making the sintering temperature of the plate-like molded 
product after debinding IISO^'C. Sintered compact 
density^ average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 
5 oriented ceramics under the same conditions as Example 1. 
The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 
addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 

10 orientation of the pseudo-cubic {100} plane as determined 
by the Lotgering method reached 72%. Moreover, as a 
result of evaluating the piezoelectric characteristics at 
room temperature, d^^ was 116.6 pm/V, kp was 0.540 and g^^ 
was 10.3 X 10"^ Vm/N. These values represented an 

15 improvement of 1.46 times, 1.33 times and 1.43 times, 
respectively, as compared with a non-oriented sintered 
compact of the same composition (Comparative Example 3) 
to be described later. Moreover, as a result of 
evaluating the temperature dependency of d3i, the maximum 

20 value of d^^ over a range of 0-200°C reached 123.2 pm/V, 

which represented an improvement of 1.18 times as 
compared with Comparative Example 3. In addition, the 
Curie temperature was 248 ""C. 
Example 6 

25 Crystal oriented ceramics having the composition of 

{Lio. 02(^0. sNao, 5)0 93} {Nbo.8iTao.i4Sbo.o5}03 was produced according 
to the same procedure as Example 1 with the exception of 
blending the starting raw materials so that the 
composition was {Lio.o2(Ko.5Nao.5)o.98} {Nbo,8iTao.i4Sbo.o5}03r 

30 making the sintering temperature of the plate-like molded 
product after debinding 1150''C and making the heating 
time 5 hours. Sintered compact density, average degree 
of orientation and piezoelectric characteristics were 
measured for the resulting crystal oriented ceramics 

35 under the same conditions as Example 1. 

The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 
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addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 
orientation of the pseudo-cubic {100} plane as determined 
by the Lotgering method reached 85%, Moreover, as a 
5 result of evaluating the piezoelectric characteristics at 
room temperature, d^^^ was 135.3 pm/V, kp was 0.606 and g3i 
was 14.8 X 10"^ Vm/N. These values represented an 
improvement of 1.70 times, 1.49 times and 2.06 times, 
respectively, as compared with a non-oriented sintered 

10 compact of the same composition (Comparative Example 3) 
to be described later. Moreover, as a result of 
evaluating the temperature dependency of d^^, the maximum 
value of dai over a range of 0-200 ""C reached 146.4 pm/V, 
which represented an improvement of 1.40 times as 

15 compared with Comparative Example 3. In addition, the 
Curie temperature was 248 ""C. 
Example 7 

Crystal oriented ceramics having the composition of 

{Lio.o2(Ko.5Nao,5)o.98} {Nbo.8iTao.i4Sbo.o5}03 ^as produced according 

2 0 to the same procedure as Example 1 with the exception of 
blending the starting raw materials so that the 
composition was {Lio. 02(^0. s^ao. 5)0. 98> {Nbo.eiTao.i4Sbo.o5}03 and 
hot pressing the defound plate-like molded product in 
oxygen under the conditions of a sintering temperature of 

25 1150 °C, heating time of 1 hour, pressurization pressure 

of 35 kg/cm^ (3.43 MPa) and rate of temperature increase 
and decrease of 200°C/hour. Sintered compact density, 
average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 

30 oriented ceramics under the same conditions as Example 1. 
The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 
addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 

35 orientation of the pseudo-cubic {10 0} plane as determined 
by the Lotgering method reached 85%. Moreover, as a 
result of evaluating the piezoelectric characteristics at 
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room temperature, d^^ was 131.8 pm/V, was 0.663 and g^x 
was 15.5 X 10"^ Vm/N. These values represented an 
improvement of 1.65 times, 1.63 times and 2.15 times, 
respectively, as compared with a non-oriented sintered 
5 compact of the same composition (Comparative Example 3) 
to be described later. Moreover, as a result of 
evaluating the temperature dependency of dg^, the maximum 
value of dai over a range of 0-200*^0 reached 204,8 pm/V, 
which represented an improvement of 1.96 times as 
10 compared with Comparative Example 3, In addition, the 
Curie temperature was 248 '^C. 
Example 8 

Crystal oriented ceramics having the composition of 
{Lio.o2(Ko.5Nao.5)o.98}{Nbo,8iTao,i4Sbo.o5}03 was produced according 

15 to the same procedure as Example 1 with the exception of 
blending the starting raw materials so that the 
composition was {Lio.osCKo.sNao. 5)0. 98}{Nbo.8iTao.i4Sbo. 05)03 and 
hot pressing the defound plate-like molded product in 
oxygen under the conditions of a sintering temperature of 

20 1150 °C, heating time of 5 hours, pressurization pressure 

of 50 kg/cm^ (4.90 MPa) and rate of temperature increase 
and decrease of 200''C/hour. Sintered compact density, 
average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 

25 oriented ceramics under the same conditions as Example 1. 
The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 
addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 

30 orientation of the pseudo-cubic {100} plane as determined 
by the Lotgering method reached 96%. Moreover, as a 
result of evaluating the piezoelectric characteristics at 
room temperature, d3i was 126.8 pm/V, kp was 0.655 and g^^ 
was 17.2 X 10'^ Vm/N. These values represented an 

35 improvement of 1.59 times, 1.61 times and 2.3 9 times, 

respectively, as compared with a non-oriented sintered 
compact of the same composition (Comparative Example 3) 
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to be described later. Moreover, as a result of 
evaluating the temperature dependency of d^^^, the maximum 
value of d3i over a range of 0-200°C reached 177.1 pm/V, 
which represented an improvement of 1.70 times as 
5 compared with Comparative Example 3. In addition, the 
Curie temperature was 248 °C. 
Example 9 

Crystal oriented ceramics having the composition of 

{Lio.o4(Ko,46Nao.54)o.96>{Nbo.84Tao.ioSbo,o6}03 was produced 

10 according to the same procedure as Example 1 with the 

exception of blending the starting raw materials so that 
the composition was {Lio.o4(Ko.46Nao.54)o.96}{Nbo.84Tao.ioSbo.o6}03 
and hot pressing the defound plate-like molded product in 
oxygen under the conditions of a sintering temperature of 

15 1150'*C, heating time of 1 hour, pressurization pressure 
of 35 kg/cm^ (3,43 MPa) and rate of temperature increase 
and decrease of 200''C/hour. Sintered compact density, 
average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 

20 oriented ceramics under the same conditions as Example 1. 

Moreover, the displacement generated in a direction 
parallel to the direction in which voltage was applied in 
the case of driving by applying a high voltage having an 
electric field strength of 0-2000 V/imti at a frequency of 

25 1 Hz in the form of a chopping wave having a frequency of 

1 Hz over a temperature range of -42 to 162 °C was 
evaluated by determining as the amount of dynamic strain 
(^aaiarge) accordlng to equation A6. In addition, the 
amount of injection charge during driving in a high 

30 electric field was calculated as the dielectric constant 
(dynamic dielectric constant: Eagi^rge) according to 
equation A9 • 

The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 

35 addition, the pseudo-cubic {100} plane was oriented 

parallel to the tape surface, and the average degree of 
orientation of the pseudo-cubic {100} plane as determined 
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by the Lotgering method reached 92%, Moreover, as a 
result of evaluating the piezoelectric characteristics at 
room temperature, d^^ was 166 •! pm/V, kp was 0*664 and g3i 
was 14.3 X 10"^ Vm/N. These values represented an 
5 improvement of 1.25 times, 1.30 times and 2.04 times, 
respectively, as compared with a non-oriented sintered 
compact of the same composition (Comparative Example 6) 
to be described later. Moreover, as a result of 
evaluating the temperature dependency of d^i, the maximum 

10 value of d^i over a range of 0-200 ""C reached 180.1 pm/V, 
which represented an improvement of 1.30 times as 
compared with Comparative Example 6. In addition, the 
Curie temperature was 260 ""C. 

Moreover, as a result of evaluating the displacement 

15 generated in the case of driving by applying a high 

voltage (electric field strength: 0-2000 V/mm) in the 
form of a chopping wave having a frequency of 1 Hz, the 
maximum value of 033^^^^^ at a temperature of 24-162 ""C 
(temperature range: 138 °C) was 800 pm/V, the minimum 

20 value was 750, and the amount of fluctuation with respect 
to their average value (775 pm/V) was ±3%. In addition, 
as a result of evaluating £331^^^^ during driving at this 
time, the maximum value of £331^^^^ at a temperature of 24- 
162*'C (temperature range: 138*'C) was 3219, the minimum 

25 value of £33^^^^^ was 2824, and the amount of fluctuation 
with respect to their average value (3021 pm/V) was 
±6.5%. 

On the basis of the aforementioned measurement 
results, the temperature characteristics of an actuator 

30 using the material of the present example in a driving 
method other than constant voltage driving were 
determined by calculation. According to equations A5, 
A7 , A8 and AlO, the displacement in the case of driving 
an actuator in a constant electric field is proportional 

35 to D33i^^g^, the displacement in the case of driving an 

actuator at a constant energy is proportional to 
I^33iarge/ (E33iarge)^^^ "the actuator , and the displacement in 
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the case of driving an actuator at constant injection 
charge is proportional to D;^^j^^^g^/E:^^^^^g^ of the actuator. 
Calculations were made in the cases of the aforementioned 
constant voltage driving (characteristic index: Dgai^rge) / 
5 constant energy driving (characteristic index: 
I^33iarge/ (E33iarge)^^^ ctHd constant Charge driving 
(characteristic index: D^^^^^^^^/E^^^^g^) for the material 
obtained in the present example. As a result, the 
maximum value of D^^^^^^^ at a temperature of 24-162 ''C 

10 (temperature range: 138 °C) was 800 pm/V, the minimum 

value of D33i^^g3 was 750 pm/V, and the amount of 
fluctuation with respect to their average value (7 75 
pm/V) was ±3%. In addition, the maximum value of 
l^aaiarge/ (E33iarge)^^^ 15.06 pm/V, the mlnlmum value was 

15 14.10 pm/V, and the amount of fluctuation with respect to 
their average value (14.58 pm/V) was ±3%. Moreover, the 
maximum value of D^^^^^^g^/E^^^^^g^ was 0.2833 pm/V, the 
minimum value was 0.2485 pm/V, and the amount of 
fluctuation with respect to their average value (0.2659 

20 pm/V) was ±6.5%. 

Comparative Example 1 

A non-oriented sintered compact having the 
composition of {LIq. 02(^0. sNao. 5)0. 99} {Nbo.94Sbo.o6}03 was 
produced according to the same procedure as Example 1 

25 with the exception of not using NN plate-like powder as a 
starting raw material. Sintered compact density, average 
degree of orientation and piezoelectric characteristics 
were measured for the resulting non-oriented sintered 
compact under the same conditions as Example 1 . 

30 The relative density of the non-oriented sintered 

compact obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 0%. 

35 In addition, as a result of evaluating the piezoelectric 
characteristics at room temperature, d3i was 66.8 pm/V, kp 
was 0.435 and g3i was 9.2 x 10"^ Vm/N. Moreover, the 



maximum value of d^^ over a range of 0-200 °C was 125.4 
pm/V. In addition, the Curie temperature was 311°C. 
Comparative Example 2 

A non-oriented sintered compact having the 

5 composition of {Lio. 02(^0. sNao. 5)0. se) {Nbo.seTao^ioSbo. 02)03 was 
produced according to the same procedure as Example 1 
with the exception of not using NN plate-like powder as a 
starting raw material. Sintered compact density, average 
degree of orientation and piezoelectric characteristics 

10 were measured for the resulting non-oriented sintered 
compact under the same conditions as Example 1 . 

The relative density of the non-oriented sintered 
compact obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 

15 pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 0%. 
Moreover, as a result of evaluating the piezoelectric 
characteristics at room temperature, d^^ was 66.4 pm/V, kp 
was 0,446 and 93^^ was 9.5 x 10"^ Vm/N. 

20 Comparative Example 3 

A non-oriented sintered compact having the 
composition of {Lio.02 (Ko.5Nao.5)o.98} {Nbo.8iTao.i4Sbo.o5}03 was 
produced according to the same procedure as Example 5 
with the exception of not using NN plate-like powder as a 

25 starting raw material. Sintered compact density, average 
degree of orientation and piezoelectric characteristics 
were measured for the resulting non-oriented sintered 
compact under the same conditions as Example 1. 

The relative density of the non-oriented sintered 

30 compact obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 0%. 
Moreover, as a result of evaluating the piezoelectric 

35 characteristics at room temperature, d^^ was 79.7 pm/V, kp 

was 0.40 6 and g^^ was 7.2 x 10"^ Vm/N. Moreover, the 
maximum value of d^i over a range of 0-200 ""C was 104.3 
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pm/V. In addition, the Curie temperature was 24 8 °C. 
Comparative Example 4 

A non-oriented sintered compact having the 

composition of {Lio. o2(Ko.5Nao, 5)0 98}{Nbo.8iTao.i4Sbo. 05)03 was 
5 produced according to the same procedure as Example 7 

with the exception of not using NN plate-like powder as a 
starting raw material. Sintered compact density, average 
degree of orientation and piezoelectric characteristics 
were measured for the resulting non-oriented sintered 

10 compact under the same conditions as Example 1. 

The relative density of the non-oriented sintered 
compact obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 

15 method for a plane parallel to the tape surface was 0%. 
Moreover, as a result of evaluating the piezoelectric 
characteristics at room temperature, dg^ was 77.0 pm/V, kp 
was 0.4 34 and g^^ was 7.6 x 10"^ Vm/N. Each of these 
characteristics exhibited a lower value than those of 

20 Example 7 which used NN plate-powder for the template. 
Comparative Example 5 

The NN plate-like powder produced in part (1) of 
Example 1, a non-plate-like NN powder and KN powder were 
weighed out to a composition of (Ko.sNao 5)Nb03 and wet 
25 mixed for 20 hours. Furthermore, the blended amount of 
NN plate-like powder was the amount for which 5 at% of 
the A site elements are supplied from the NN plate-like 
powder . 

Next, 10.35 g of binder (Sekisui Chemical, S-LEK 
30 (registered trademark) BH-3), 10.35 g of plasticizer 

(butylphthalic acid) and 0.795 g of sintering aid (CuO) 
were added to the slurry with respect to 1 mol of 
{Ko.gNao 5)Nb03 synthesized from the starting raw 
materials, followed by mixing for 2 hours. A plate-like 
35 molded product was then produced, defound and subjected 

to CIP treatment in accordance with the same procedure as 
Example 1 . 



Moreover^ the defound plate-like molded product was 
sintered at normal pressure under conditions of a heating 
temperature of 1075 heating time of 5 hours and rate 
of temperature increase and decrease of 200''C/hour. 
5 Sintered compact density, average degree of orientation 

and piezoelectric characteristics were measured for the 
resulting crystal oriented ceramics under the same 
conditions as Example 1 . 

The relative density of the KNN crystal oriented 
10 ceramics obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 96%. 
Moreover, as a result of evaluating the piezoelectric 
15 characteristics at room temperature, d^^ was 42.4 pm/V, 
was 0.490 and g3i was 22.0 x 10'^ Vm/N. 

Comparative Example 6 

A non-oriented sintered compact having the 
composition of {Lio.o4 (Ko.46Nao.s4 ) 0.95} {Nbo.84Tao.ioSbo, 06)03 was 

20 produced according to the same procedure as Example 9 

with the exception of not using NN plate-like powder and 
carrying out sintering at normal pressure under 
conditions of a heating temperature of 1125°C, heating 
time of 1 hour and rate of temperature increase and 

25 decrease of 200''C/hour, instead of hot pressing. 

Sintered compact density, average degree of orientation 
and piezoelectric characteristics were measured for the 
resulting non-oriented sintered compact under the same 
conditions as Example 1. 

30 Moreover, 0331^^^^ and £33^^^^^ were evaluated in the 

case of driving by applying a high voltage (electric 
field strength: 0-2000 V/mm) in the form of a chopping 
wave having a frequency of 1 Hz under the same conditions 
as Example 9 . 

35 The relative density of the non-oriented sintered 

compact obtained in this comparative example was 95% or 
more. in addition, average degree of orientation of the 
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pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 0%. 
In addition, as a result of evaluating the piezoelectric 
characteristics at room temperature, d^i was 132.4 pm/V, 
5 kp was 0.511 and g3i was 7.0 x 10"^ Vm/N. Moreover, the 
maximum value of d3i over a range of 0-200'*C was 138.7 
pm/V. In addition, the Curie temperature was 260°C. 

in addition, as a result of evaluating displacement 
generated in the case of driving by applying a high 

10 voltage (electric field strength: 0-2000 V/mm) in the 

form of a chopping wave having a frequency of 1 Hz, the 
maximum value of 0331^^^^ at a temperature of 52-165°C 
(temperature range: 113°C) was 450 pm/V, the minimum 
value of D33iarge was 275 pm/V, and the amount of 

15 fluctuation with respect to their average value (363 

pm/V) was ±24%. In addition, as a result of evaluating 
E33iarge during driving at this time, the maximum value of 
Essiarge ^ temperature of 52-165''C (temperature range: 
113''C) was 2711, the minimum value of £33^^^^^ was 19 95, 

20 and the amount of fluctuation with respect to their 

average value (2344) was ±15.2%. 

On the basis of the aforementioned measurement 
results, calculations were made for the material obtained 
in Comparative Example 6 using the same method as in the 

25 case of Example 9 in the case of constant voltage driving 
(characteristic index: D^^iargo) r constant energy driving 
(characteristic index: 033^^^^^/ (£331^^^^)^^^) and constant 
charge driving (characteristic index: E^^i^rg^) • As a 
result, the maximum value of 0331^^^ at a temperature of 

30 52-165°C (temperature range: 113°C) was 450 pm/V, the 

minimum value was 2 75 pm/V, and the amount of fluctuation 
with respect to their average value (363 pm/V) was ±24%. 
In addition, the maximum value of ^331^^^^/ (£3313^^^) was 
8.64 pm/V, the minimum value was 6.16 pm/V, and the 

35 amount of fluctuation with respect to their average value 
(7.40 pm/V) was ±17%. Moreover, the maximum value of 
^33iarge/E33iarge 0.1660 pm/V, the minimum value was 
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0.1378 pm/V, and the amount of fluctuation with respect 
to their average value (0.1519 pm/V) was ±9.3%. 
Example 22 

Crystal oriented ceramics having the composition of 
5 <Lio.o8(Ko.5Nao.5)o.92}{Nbo.84Tao.ioSbo.o6}03 was produced according 

to the same procedure as Example 1 with the exception of 
blending the starting raw materials so that the 
composition was {Lio,o8(Ko.5Nao.5)o.92} {Nbo.84Tao.ioSbo.o6>03 and 
making the sintering temperature of the plate-like molded 

10 product after degreasing 1105''C. A disc-shaped sample 
having a thickness of 0.5 mm and diameter of 8.5 mm and 
in which its upper and lower surfaces were parallel to 
the tape surface was fabricated from the resulting 
sintered compact by grinding, polishing and machining, 

15 after which Au baked electrodes were baked onto the 

entire upper and lower surfaces of the disc-shaped sample 
in air using a mesh belt oven under conditions of a 
baking temperature of 850° and heating time of 10 
minutes. After performing polarization treatment in the 

20 vertical direction of this disc-shaped sample, forty 

sheets of the resulting crystal oriented ceramics were 
laminated to produce an actuator. Sintered compact 
density and average degree of orientation were evaluated 
in accordance with the same procedure as Example 1, and 

25 D331arge and E331arge were evaluated in the case of 

driving by applying an electric field strength of 0-1500 
V/mm in the form of a sine wave having a frequency of 1 
Hz under a spring load of 2.9 N/jxm over a temperature 
range of -4 0 to 160 ""C in the state in which a preset load 

30 of 16.4 MPa was applied to the resulting actuator. 

The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. The 
pseudo-cubic {100} plane was oriented parallel to the 
tape surface, and the average degree of orientation of 

35 the pseudo-cubic {100} plane as determined according to 
the Lotgering method was 89%. 

In addition, as a result of evaluating displacement 
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generated in the case of driving by applying a high 
voltage (electric field strength: 0-1500 V/nun) in the 
form of a sine wave having a frequency of 1 Hz, the 
maximum value of Dggi^rge a temperature of -40 to 70°C 
5 (temperature range: 110 °C) was 322 pm/V, the minimum 

value of D33ig,^g^ was 2 87 pm/V, and the amount of 
fluctuation with respect to their average value (305 
pm/V) was ±6%. In addition^ as a result of evaluating 
Esaiarge during driving at this time, the maximum value of 

10 ^3313^^^ at a temperature of -40 to 70 °C (temperature 

range: llO'^C) was 1620, the minimum value of £331^^^^ was 
1444, and the amount of fluctuation with respect to their 
average value (1532 pm/V) was ±6%. 

On the basis of the aforementioned measurement 

15 results, calculations were made for the material obtained 
in Example 22 using the same method as in the case of 
Example 9 in the case of constant voltage driving 
(characteristic index: D^^^^^g^) , constant energy driving 
(characteristic index: D^^^^^^^Z (E^^^^^g^)^^^) and constant 

20 charge driving (characteristic index: E^^^^^g^) . As a 

result, the maximum value of D^^^^^^g^ at a temperature of 
-40 to 70°C (temperature range: 110°C) was 322 pm/V, the 
minimum value was 2 87 pm/V, and the amount of fluctuation 
with respect to their average value (305 pm/V) was ±6%. 

25 In addition, the maximum value of 0331^^5^/ (£331^^^^)^^^ was 
8.28 pm/V, the minimum value was 7.18 pm/V, and the 
amount of fluctuation with respect to their average value 
(7.73 pm/V) was ±7.1%. Moreover, the maximum value of 
D33iargG/E33iargo ^^s 0.2130 pm/V, the minimum value was 

30 0.1784 pm/V, and the amount of fluctuation with respect 
to their average value (0.1957 pm/V) was ±8.8%. 

In addition, as a result of evaluating D^s^^rg^ and 
E33iarge ^^r a Single plate in the case of applying a high 
voltage in the form of a sine wave and chopping wave 

35 having a frequency of 1 Hz using the same method as the 

case of Example 9, satisfactory temperature 
characteristics similar to the case of an actuator were 
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obtained in both electric fields (sine wave and chopping 
wave ) . 

Example 2 3 

Crystal oriented ceramics having the composition of 
5 {Lio.o7(Ko,43Nao. 57)0. 93}{Nbo.84Tao.o9Sbo. 07)03 was produced 

according to the same procedure as Example 1 with the 
exception of blending the starting raw materials so that 
the composition was {Lio.o7(Ko.43Nao. 57)0. 93>{Nbo.84Tao.o9Sbo. 07)03 
and hot pressing the degreased plate-like molded product 

10 in oxygen under the conditions of a sintering temperature 
of 1130°C, heating time of 5 hours, pressurization 
pressure of 35 kg/cm^ (3.43 MPa) and rate of temperature 
increase and decrease of 200''C/hour. The resulting 
crystal oriented ceramics was evaluated for sintered 

15 compact density and average degree of orientation under 
the same conditions as Example 1, and 033^^^^^ and £331^^^^ 
were evaluated under the same conditions as Example 9 in 
the case of driving by applying a high voltage (electric 
field strength: 0-2000 V/mm) in the form of a chopping 

20 wave having a frequency of 1 Hz. In addition, the 

generated displacement and generated electric field were 
evaluated in the case of driving an element by making 
injection energy (W) constant (constant energy driving) 
and making injection charge (Q) constant (constant charge 

25 driving) • 

The relative density of the crystal oriented 
ceramics obtained in this example was 95% or more. In 
addition, the pseudo-cubic {100} plane was oriented 
parallel to the tape surface, and the average degree of 

30 orientation of the pseudo-cubic {100} plane as determined 
according to the Lotgering method reached 78%. 

As a result of evaluating displacement generated in 
the case of driving by applying a high voltage (electric 
field strength: 0-2000 V/mm) in the form of a chopping 

35 wave having a frequency of 1 Hz, the maximum value of 
^^33iarge ^"^ ^ temperature of -30 to 161 °C (temperature 
range: 191°C) was 692 pm/V, the minimum value of 0331^^^^ 
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was 650, and the amount of fluctuation with respect to 
their average value (671 pm/V) was ±3.1%, while the 
maximum value of £331^^^^ at a temperature of -30 to 161°C 
(temperature range: 191°C) was 2 429, the minimum value of 
5 E33i3^g^ was 2315, and the amount of fluctuation with 

respect to their average value (2372 pm/V) was ±2.4%. In 
addition, as a result of fabricating an actuator and 
evaluating 0331^^^^ of the actuator using the same method 
as Example 22, satisfactory temperature characteristics 

10 similar to the case of evaluating with a single plate 
were demonstrated. 

On the basis of the aforementioned measurement 
results, calculations were made for the material obtained 
in Example 23 using the same method as in the case of 

15 Example 9 in the case of constant voltage driving 

(characteristic index: D^^^^^g^) , constant energy driving 
(characteristic index: 0331^^^/ (E33i„g3)^^^) and constant 
charge driving (characteristic index: £333^^^^^) • As a 
result, the maximum value of 033^3^^^^ at a temperature of 

20 -30 to 161°C (temperature range: 191°C) was 692 pm/V, the 

minimum value was 650 pm/V, and the amount of fluctuation 
with respect to their average value (671 pm/V) was ±3,1%. 
In addition, the maximum value of 0331^^^/ (£331^^^)^^^ was 
14.04 pm/V, the minimum value was 13.27 pm/V, and the 

25 amount of fluctuation with respect to their average value 
(13.65 pm/V) was ±2.8%. Moreover, the maximum value of 
D33iarge/E33i^rge was 0.2849 pm/V, the minimum value was 
0.2708 pm/V, and the amount of fluctuation with respect 
to their average value (0.2778 pm/V) was ±2.5%. 

30 In addition, as a result of evaluating under the 

same conditions as the case of making the electric field 
strength 0-2000 V/mm but making the electric field 
strength 0-500 V/mm, the amounts of fluctuation of DSai^g^ 
and E33ia^gg over a predetermined temperature range of 

35 100 °C or more were within ±20% and within ±15% in the 

same manner as the case of using an electric field 
strength of 0-2000 V/mm. 
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Moreover, as a result of evaluating the generated 
displacement and generated electric field were evaluated 
in the case of driving an element by making injection 
energy (W) constant (30000 J/m^) , the maximum value of 
5 displacement at a temperature of -30 to ISl^'C 

(temperature range: 191''C) was 1250 ppm, the minimum 
value of displacement was 1160 ppm, and the amount of 
fluctuation with respect to their average value (1205 
ppm) was ±3.7%, while the maximum value of the electric 
10 field at a temperature of -30 to 161 ""C (temperature 

range: igi'^C) was 1750 V/mm, the minimum value of the 
electric field was 1660 V/mm, and the amount of 
fluctuation with respect to their average value (1705 
V/mm) was ±2 •6%. 

15 In addition, as a result of evaluating the generated 

displacement and generated electric field were evaluated 
in the case of driving an element by making injection 
charge (Q) constant (3 piC/cm^), the maximum value of 
displacement at a temperature of -30 to 161 °C 

20 (temperature range: 191 °C) was 1020 ppm, the minimum 

value of displacement was 900 ppm, and the amount of 
fluctuation with respect to their average value (960 ppm) 
was ±6.3%, while the maximum value of the electric field 
at a temperature of -30 to 161°C (temperature range: 

25 191°C) was 1550 V/mm, the minimum value of the electric 

field was 1450 V/mm, and the amount of fluctuation with 
respect to their average value (1500 V/mm) was ±3.3%. 
Comparative Example 7 

Crystal oriented ceramics having the composition of 

30 {Lio.22(Ko.5oNao.so)o.78}{Nbo.88Tao.ioSbo,o2}03 was produced 

according to the same procedure as Example 3 with the 
exception of making the added amount x of Li 0.22 and the 
sintering temperature 1050°C. Sintered compact density, 
average degree of orientation and piezoelectric 

35 characteristics were measured for the resulting crystal 

oriented ceramics under the same conditions as Example 1. 
The relative density of the crystal oriented 
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ceramics obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 53%. 
5 However, as a result of evaluating the piezoelectric 

characteristics at room temperature, d^i was 29.9 pm/V, kp 
was 0.171 and g^^ was 3.2 x 10'^ Vm/N, with each of these 
characteristics exhibiting a lower value than those in 
Example 3 in which the added amount x of Li was 0.02. 

10 Comparative Example 8 

Crystal oriented ceramics having the composition of 
.50 ) 0.98 }{Nbo.53Tao.45Sbo. 02)03 was produced 
according to the same procedure as Example 3 with the 
exception of making the added amount z of Ta 0.45 and 

15 carrying out hot pressing under conditions of a heating 
temperature of 1200 °C, heating time of 1 hour, 
pressurization pressure of 35 kg/cm^ (3,43 MPa) and rate 
of temperature increase and decrease of 200°C/hour, 
instead of normal pressure sintering. Sintered compact 

20 density, average degree of orientation and piezoelectric 
characteristics were measured for the resulting crystal 
oriented ceramics under the same conditions as Example 1. 

The relative density of the crystal oriented 
ceramics obtained in this comparative example was 95% or 

25 more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 89%. 
Moreover, as a result of evaluating the piezoelectric 
characteristics at room temperature, d3i was 107.1 pm/V, 

30 kp was 0.469 and g^^ was 6.4 x 10'^ Vm/N. A higher value 
was exhibited for the d31 constant as compared with 
Example 3 in which the added amount z of Ti was 0.10. 
However, since the Curie temperature of this composition 
is low at 117 ""C, it is considered to be difficult to use 

35 this crystal oriented ceramics as a piezoelectric 
material for home appliances and automobiles. 
Comparative Example 9 
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Crystal oriented ceramics having the composition of 

{^^0.02 ( ^0. 50^^0.50 ) 0.98 } {Nbo.68Tao.ioSbo.22>03 was produced 
according to the same procedure as Example 3 with the 
exception of making the added amount w of Sb 0.22 and 
5 making the sintering temperature IISO^C, Sintered 
compact density, average degree of orientation and 
piezoelectric characteristics were evaluated for the 
resulting crystal oriented ceramics under the same 
conditions as Example 1 . 

10 The relative density of the crystal oriented 

ceramics obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 
method for a plane parallel to the tape surface was 79%. 

15 However, as a result of evaluating the piezoelectric 

characteristics at room temperature, d^^ was 17.1 pm/V, kp 
was 0.074 and g^^ was 8.7 x 10*^ Vm/N, with each of the 
characteristics exhibiting a lower value than those of 
Example 3 in which the amount added w of Sb was 0.02. 

20 Comparative Example 10 

Crystal oriented ceramics having the composition of 

{Lio 22(^0. 5oNao.5o)o. 78} {Nbo.33Tao.45Sbo 22>03 was produced 
according to the same procedure as Example 3 with the 
exception of making the added amount x of Li 0.22, the 

25 added amount z of Ta 0.45 and the added amount w of Sb 
0.22, and making the sintering temperature 1225*^C. 
Sintered compact density, average degree of orientation 
and piezoelectric characteristics were evaluated for the 
resulting crystal oriented ceramics under the same 

30 conditions as Example 1. 

The relative density of the crystal oriented 
ceramics obtained in this comparative example was 95% or 
more. In addition, average degree of orientation of the 
pseudo-cubic {100} plane as determined by the Lotgering 

35 method for a plane parallel to the tape surface was 73%. 
However^ as a result of evaluating the piezoelectric 
characteristics at room temperature, dg^ was 4.2 pm/V, kp 
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was 0. 030 and was 7.2 x 10"^ Vm/N, with each of the 
characteristics exhibiting a lower value than those of 
Example 3 . 

Table 1 shows the production conditions and 
5 piezoelectric characteristics of the sintered compacts 
obtained in Examples 1-9 and Comparative Examples 1-10- 

Table 1 





Cosmos itlon 


NaNbOs 
tem- 
plate 
(at% (A 
site 
atomic 
ratio) 


Sint. 
Temp . 


Hold. 
Temp . 
CC) 


Pres- 
sure 
(leg/ 
cm*) 


Degree 

Of 
orien- 
tation 
{100} 
plane 
(%) 


Piezo- 
electric 
charac- 
teristics 
at room 
temper a ture 


Max. 
d31 
(0- 
200 
"0 


Curie 
temp. 
CO 


X 


y 


z 


w 


ci31 
Pm/ 
V) 


Kp 


g31 
XIO*' 
(Vm/N> 






Ex. 1 


0.02 


0.50 


0 


0.06 


5 


1100 


1 


0 


82 


85.9 


0,532 


15.6 






Ex. 2 


0.02 


0.50 


0 


0.06 


5 


1125 


1 


0 


82 


93.2 


0.588 


16.5 


146.7 


311 


Ex.3 


0 . 02 


0,50 


0.10 


0.02 


5 


1125 


1 


0 


81 


79.9 


0.537 


16.0 


- 


- 


Ex . 4 


0.02 


0.50 


0 .14 


0.05 


2 


1150 


1 


0 


75 


123.0 


0.588 


11.8 






Ex. 5 


0.02 


0.50 


0.14 


0.05 


5 


1150 


1 


0 


72 


116.6 


0.540 


10.3 


123.2 


248 


Ex. 6 


0.02 


0.50 


0 . 14 


0.05 


5 


1150 


5 


0 


85 


135.3 


0.606 


14.8 


146.4 


248 


Ex. 7 


0.02 


0.50 


0.14 


0.05 


5 


1150 


1 


35 


85 


131.8 


0.663 


15.5 


204 .8 


248 


Ex. 8 


0.02 


0,50 


0.14 


0.05 


5 


1150 


5 


50 


96 


126.8 


0.655 


17 .2 


177 .1 


248 


Ex . 9 


0.04 


0.54 


0.10 


0.06 


5 


1150 


1 


35 


92 


166.1 


0.664 


14.3 


180.1 


260 


Comp . 
Ex. 1 


0.02 


0.50 


0 


0.06 


0 


1100 


1 


0 


0 


66.8 


0.435 


9.2 


125.4 


311 


Comp . 
Ex. 2 


0.02 


0.50 


0.10 


0.02 


0 


1125 


1 


0 


0 


66.4 


0.446 


9.2 






Comp . 
Ex. 3 


0.02 


0.50 


0.14 


0.05 


0 


1150 


1 


0 


0 


79.7 


0.406 


7.2 


104,3 


248 


Comp . 
Ex. 4 


0.02 


0.50 


0.14 


0.05 


0 


1150 


1 


35 


0 


77.0 


0.434 


7.6 






Comp . 
Ex. 5 


0 


0.50 


0 


0 


5 


1075 


5 


0 


96 


42.4 


0.490 


22.0 






Comp , 
Ex. 6 


0.04 


0.54 


0.10 


0.06 


0 


1125 


1 


0 


0 


132.4 


0.511 


7.0 


138.7 


260 


Conp . 
Ex.7 


0.22 


0.50 


0.10 


0.02 


5 


1050 


1 


0 


53 


29.9 


0.171 


3.2 






Con^. 
Ex.8 


0.02 


0.50 


0.45 


0.02 


5 


1200 


1 


35 


89 


107.1 


0.469 


6.4 




117 


Coxnp. 
Ex. 9 


0.02 


0.50 


0.10 


0.22 


5 


1150 


1 


0 


79 


17.1 


0.074 


8.7 






Comp . 
Ex.10 


0.22 


0.50 


0.45 


0 .22 


5 


1225 


1 


0 


73 


4.2 


0.030 


7.2 







In addition^ Figs. 1, 2 and 3(a) and 3(b) are X-ray 
10 diffraction patterns measured for the plane parallel to 
the tape surface of the crystal oriented ceramics 
obtained in Examples 1, 3 and 8 and the non-oriented 
sintered compact obtained in Comparative Example 3, 
respectively. According to Figs. 1 through 3, in the 
15 crystal oriented ceramics obtained in Examples 1, 3 and 
8, the pseudo-cubic {100} plane can be seen to be 
oriented to an extremely high degree of orientation. 
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In addition. Fig, 4 shows the temperature dependency 
of the piezoelectric d^^ constant of the crystal oriented 
ceramics obtained in Example 2 and the non-oriented 
sintered compact obtained in Comparative Example !♦ In 
5 addition. Fig. 5 shows the temperature dependency of the 
piezoelectric d^i constant of the crystal oriented 
ceramics obtained in Example 7 and the non-oriented 
sintered compact obtained in Comparative Example 3. 
Moreover, Fig. 6 shows the temperature dependency of the 

10 piezoelectric d^^ constant of the crystal oriented 

ceramics obtained in Example 9 and the non-oriented 
sintered compact obtained in Comparative Example 6. 
According to Figs. 4 through 6, the piezoelectric d^^^ 
constant can be seen to improve at all temperatures as a 

15 result of orienting the pseudo-cubic {100} plane of each 
crystal grain that composes the polycrystalline substance 
in one direction. 

Figs. 8 and 9 respectively indicate 0331^^^^ and E33i„g^ 
in the case of driving by applying an electric field 

20 strength of 0-2000 V/mm in the form of a chopping wave 

having a frequency of 1 Hz over a temperature range of 
-42 to 165 °C to the crystal oriented ceramics obtained in 
Example 9 and Comparative Example 6 and to the non- 
oriented sintered compact obtained in Comparative Example 

25 6. In addition. Tables 3 and 4 indicate the amounts of 
fluctuation over a prescribed temperature range of 0331^^^^ 
and E33iargo the case of driving by applying a high 
voltage (electric field strength: 0-2000 V/mm) in the 
form of a chopping wave having a frequency of 1 Hz over a 

30 temperature range of -42 to 165 ""C to the crystal oriented 
ceramics obtained in Example 9 and Comparative Example 6. 
In addition. Tables 3 and 4 also indicate the amounts of 
fluctuation for the sintered bodies produced in Example 
22 (electric field strength: 0-1500 V/mm) and Example 23 

35 (electric field strength: 0-2000 V/mm). 

Moreover, Figs. 10 and 11 show the temperature 
characteristics of D^^^^^^J {E^^j^^^^J^'^ and D^^^^^^^jE^^^,,^^ in 
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the case of driving the crystal oriented ceramics 
obtained in Example 9 and Comparative Example 6 by 
applying a high voltage (electric field strength: 0-2000 
V/mm) in the form of a chopping wave having a frequency 
5 of 1 Hz over a temperature range of -42 to 165 °C. In 

addition. Tables 5 and 6 show the amounts of fluctuation 
of D33iarge/(E33iarge)'^^ ^nd D E ^^^^^^^ ovBT a proscribed 
temperature range in the case of driving by applying a 
high voltage (electric field strength: 0-2000 V/mm) in 

10 the form of a chopping wave having a frequency of 1 Hz 
over a temperature range of -40 to 165 *^C. 

It can be understood from Fig, 8 and Table 3 that by 
orienting the pseudo-cubic .{100} plane of each crystal 
grain that composes a polycrystalline substance in one 

15 direction, crystal oriented ceramics is obtained in which 
the amounts of fluctuation from the average value of the 
maximum and minimum values of 033^3^^^ and £33^^^^^ over an 
arbitrary temperature range of 100 ""C or more from -42 ""C 
to 165 °C are within ±20% and within ±15%, respectively, 

20 and superior temperature characteristics are expressed in 

comparison with a non-oriented sintered compact. In 
addition, the amount of fluctuation of 0331^^^^ according 
to temperature was smaller in the crystal phase region 
of a tetragonal crystal at about 20 ""C or more than the 

25 crystal phase region of a rhombic crystal at about 20^*0 
or more. 

Moreover, it can be understood from Figs. 8, 10 and 
11 and Tables 3, 5 and 6 that by orienting the pseudo- 
cubic {100} plane of each crystal grain that composes a 

30 polycrystalline substance in a single direction, the 
amounts of fluctuation of displacement in the case of 
constant voltage driving (characteristic index: 0331^^^^), 
constant energy driving (characteristic index: 
D33iarge/(E33iarge)'^^ snd constant Charge driving 

35 (characteristic index: ^^si^rgo^B^^^^^g^) over an arbitrary 

temperature range of 100 ""C or more from.-4 0°C to 165 ^^C 
were demonstrated to be within ±20%, within ±10% and 
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within ±9%, respectively, and in any of these driving 
methods, superior temperature characteristics, in which 
the amount of fluctuation of displacement with respect to 
temperature is small, and easily controllable 
5 characteristics, are expressed in comparison with a non- 
oriented sintered compact. 



Table 3 





Composition 


Temp, 
ramge 
< C) 


Ten^. 
margin 
( C) 




x 


y 


z 


w 


Max. 
(pm/V) 


Min. 
(pm/V) 


Avg. 
<pm/V) 


Amt. of 
fluctu- 
ation 


Ex. 9 


0.04 


0.54 


0.10 


0.06 


-42-66"C 


108 


775 


380 


578 


±34 


-17-86''C 


103 


800 


440 


620 


±29 


0.5-96*0 


96 


800 


550 


675 


±18 


24-127*0 


103 


800 


750 


775 


±3.2 


53-162*0 


109 


800 


750 


775 


±3.2 


66-162*0 


96 


800 


775 


788 


±1.6 


24-162*0 


138 


800 


750 


775 


±3.2 


Ex.22 


0.08 


0.5 


0.10 


0.06 


-40-70*0 


110 


332 


287 


305 


±5.7 


-10-120*0 


103 


307 


287 


297 


±3.4 


20-120*0 


100 


300 


287 


294 


±2.4 


70-160*0 


90 


326 


289 


308 


±6.0 


-40-160*0 


200 


326 


287 


307 


±6.4 


Ex.23 


0.07 


0.57 


0.09 


0.07 


-40-82*0 


122 


671 


503 


587 


±14 


-30-82*0 


112 


671 


650 


660 


±1.6 


-11-82*0 


93 


671 


650 


660 


±1.6 


22-161*C 


139 


692 


650 


671 


±3.1 


-30-162*0 


192 


692 


650 


671 


±3.1 


Conip. 
Ex.6 


0.04 


0.54 


0.10 


0.06 


-42-52*0 


94 


525 


235 


380 


±38 


-20-96*0 


116 


525 


260 


393 


±34 


0-96*0 


96 


525 


310 


418 


±26 


52-165'C 


113 


450 


363 


363 


±24 


Table 4 




Composition 


Temp . 
range 
(*0) 


Temp . 
margin 
(*0) 




X 


y 


z 


w 


Max. 


Min. 


Avg. 


Amt . of 
fluctu- 
ation 


Ex. 9 


0.04 


0.54 


0.10 


0.06 


-42-66*0 


108 


2824 


1186 


2005 


±41 


-17-86*0 


103 


2824 


1271 


2047 


±38 


0.5-96*0 


96 


2824 


1751 


2287 


±24 


24-127*0 


103 


3106 


2824 


2965 


±4.8 


53-162*0 


109 


3219 


2824 


3021 


±6.5 


66-162*0 


96 


3219 


2824 


3021 


±6.5 


24-162*0 


138 


3219 


2824 


3021 


±6.5 


Ex.22 


0.08 


0.5 


0.10 


0.06 


-40-70*0 


110 


1620 


1444 


1532 


±5.7 


-10-120*0 


103 


2200 


1444 


1822 


±21 


20-120*0 


100 


2200 


1444 


1822 


±21 


70-160*0 


90 


2657 


1620 


2139 


±24 


-40-160*0 


200 


2657 


1444 


2051 


±30 


Ex.23 


0.07 


0.57 


0.09 


0.07 


-40-82*0 


122 


2428 


1835 


2132 


±14 


-30-82*0 


112 


2428 


2315 


2372 


±2.4 


-11-82*0 


93 


2428 


2315 


2372 


±2.4 


22-161*0 


139 


2429 


2315 


2372 


±2.4 


-30-162*0 


192 


2429 


2315 


2372 


±2.4 


Cozap. 
Ex.6 


0.04 


0.54 


0.10 


0.06 


-42-52*0 


94 


2993 


1016 


2005 


±49 


-20-96*0 


116 


2993 


1129 


2061 


±45 


0-96*0 


96 


2993 


1412 


2202 


±36 


52-165*C 


113 


2711 


1995 


2353 


±15.2 



10 
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Table 5 





Composition 


Tamp 
rang© 

Cc) 


Ten^ 
margin 
(**C) 


D33i»rii«/ (E33i«r9«) 


x 


y 


z 


w 


Max . 
(pm/ v; 


M2.n . 
tpm/ V} 


Avg . 
(pm/ V) 


Amt . of 
f Ivxctu— 
ation 


Ex. 9 


0.04 


0.54 


0.10 


0.06 


-42~66''C 


108 


14 58 


11 03 


12 81 


±14 


-17-86*C 


103 


1 «\ nfi 
xo . U D 


. J4 


1 ^ m 

X J . fSJ 


4-Q Q 


0 . 5-96''C 


96 




X J . X9 


1 A 1 

X4 . xu 


xo . o 


24-127*C 


103 


15 06 


X4 . XX 


X4 , 30 


X J . ^ 


53-162*C 


109 


in o c 

X3 . UD 


14 . 10 


14 . 58 


Xj . J 


66-162*C 


96 


15 . 06 


14 . 10 


14 , 58 


±3 . 3 


24-162°C 


138 


15 . 06 


14 . 10 


14 . 58 


±3 . 3 


Ex.22 


0.08 


0.5 


0.10 


0.06 


-40-70*C 


110 


8 . 28 


7 ^ 18 


7.73 


±7 . 1 


-10-120°C 


103 


8 07 


6 . 40 


7 . 23 


±12 


20-120'C 


100 


7.55 


6.40 


6.97 


±8.3 


70-160*C 


90 


7,18 


6.32 


6.75 


±6.3 


-40-160*C 


200 


8.28 


6.32 


7.30 


±13 


Ex.23 


0.07 


0.57 


0.09 


0.07 


-40-82'C 


122 


13.70 


11 .75 


12.72 


±7.7 


-30~82'C 


112 


13.70 


13.27 


13.48 


±1.6 


-11-82*'C 


93 


13.70 


13.31 


13.50 


±1.4 


22-161°C 


139 


14 .04 


13.51 


13.77 


±1.9 


-30-162''C 


192 


14 .04 


13.27 


13.65 


±2.8 


Comp . 
Ex. 6 


0 .04 


0.54 


0.10 


0.06 


-42-52*C 


94 


9.60 


7.37 


8.48 


±13 


-20-96*C 


116 


9.60 


7.56 


8.58 


±12 


0-96^'C 


96 


9. 60 


7.56 


8.58 


±12 


52-165 "*C 


113 


8.64 


6.16 


7.40 


±17 


Table 6 




Composition 


Temp . 
range 


Temp . 
margin 
CO 




X 


y 


z 


w 


Kax. 
(pm/V) 


Min. 
(pm/V) 


Avg. 
(pm/V) 


Amt. of 
fluctu- 
ation 


Ex. 9 


0.04 


0.54 


0.10 


0.06 


-42-66''C 


108 


0.3463 


0.2656 


0.3060 


±13 


-17-86'C 


103 


0.3463 


0.2656 


0.3060 


±13 


0.5-96'*C 


96 


0.3142 


0.2656 


0.2899 


±8.4 


24-127**C 


103 


0.2833 


0.2485 


0,2704 


±4.8 


53-162*C 


109 


0.2833 


0.2485 


0,2659 


±6.5 


66-162°C 


96 


0.2833 


0.2485 


0.2659 


±6.5 


24-162'C 


138 


0.2833 


0.2485 


0.2659 


±6.5 


Ex.22 


0.08 


0.5 


0.10 


0.06 


-40-70*C 


110 


0.2130 


0.1784 


0.1957 


±8.8 


-10-120'C 


103 


0.2120 


0.1364 


0.1742 


±22 


20-120'C 


100 


0.1988 


0.1364 


0.1676 


±19 


70-160*C 


90 


0.1784 


0.1227 


0,1505 


±19 


-40-160*C 


200 


0.2130 


0,1227 


0.1678 


±27 


Ex.23 


0.07 


0.57 


0.09 


0.07 


-40-82°C 


122 


0.2808 


0.2708 


0,2758 


±1.8 


-30-82'C 


112 


0.2808 


0.2708 


0,2758 


±1.8 


-11-82**C 


93 


0.2808 


0.2725 


0.2766 


±1.5 


22-161*C 


139 


0.2849 


0.2763 


0.2806 


±1.5 


-30-162''C 


192 


0.2849 


0.2708 


0.2778 


±2.5 


Con^ . 
Ex.6 


0.04 


0.54 


0.10 


0.06 


-42-52'C 


94 


0.2312 


0 .1660 


0.1986 


±16 


-20-96'C 


116 


0.2302 


0 .1631 


0.1967 


±17 


0-96*'C 


96 


0.2196 


0.1631 


0.1913 


±15 


52-165'C 


113 


0.1660 


0.1378 


0.1519 


±9.3 



5 Examples 10-21 and Comparative Examples 11-22 

Sintered bodies were produced by preparing oriented 
raw materials in which plate-like NN template powder was 
blended at a ratio of 5 at% of the A site atoms of ABO3 
while varying the amount added y of Na in the composition 
10 {Lio.o4(Ki.yNay)o.96} {Nbo.84Tao.ioSbo.o6}03 (Examples 10-21), 
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preparing non-oriented materials in which plate-like NN 
template powder was not used (Comparative Examples 11- 
22), and then hot pressing in oxygen the plate-like 
molded products after degreasing using a heating 
5 temperature of 1050-1200°C, heating time of 1 hour, 
temperature increase and decrease of 200'^C/hour, and 
applying pressure of 35 kg/cm^ (3.42 MPa) during the 
heating period. 

Table 2 shows the blended compositions of Examples 
10 10-21 and Comparative Examples 11-22. In addition, the 

blended compositions of the sintered compacts produced in 
Example 9 and Comparative Example 6 are also shown in 
Table 2 . 

Table 2 





Compositiion 


Amt. Of NaNbOs 
template (at% [A 
site atomic ratio] ) 


X 


y 


z 


w 


Ex. 10 


0.04 


0 


0.10 


0.06 


5 


Comp. Ex. 11 


0 


Ex. 11 


0.04 


0.05 


0.10 


0.06 


5 


Comp. Ex. 12 


0 


Ex. 12 


0.04 


0.10 


0. 10 


0.06 


5 


Comp. Ex. 13 


0 


Ex. 13 


0.04 


0.20 


0. 10 


0.06 


5 


Comp. Ex. 14 


0 


Ex. 14 


0.04 


0.30 


0. 10 


0.06 


5 


Comp. Ex. 15 


0 


Ex. 15 


0.04 


0.40 


0.10 


0.06 


5 


Comp . Ex . 1 6 


0 


Ex. 16 


0.04 


0.46 


0. 10 


0.06 


5 


Comp. Ex. 17 


0 


Ex. 17 


0.04 


0.50 


0. 10 


0.06 


5 


Comp. Ex. 18 


0 


Ex. 9 


0.04 


0.54 


0.10 


0.06 


5 


Comp. Ex. 6 


0 


Ex. 18 


0.04 


0.60 


0.10 


0.06 


5 


Comp . Ex . 19 


0 


Ex. 19 


0.04 


0.70 


0.10 


0.06 


5 


Comp. Ex. 20 


0 


Ex. 20 


0.04 


0.75 


0.10 


0.06 


5 


Comp. Ex. 21 


0 


Ex. 21 


0.04 


0. 80 


0 . 10 


0.06 


5 


Comp. Ex. 22 


0 



15 

The resulting sintered compacts were evaluated for 
sintered compact density^ average degree of orientation 
and piezoelectric characteristics using the same 
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procedures as described in Example 1. The relative 
densities of the sintered compacts obtained in Examples 
10-21 and Comparative Examples 11-22 were all 95% or 
more. In addition, the average degrees of orientation as 
5 measured according to the Lotgering method of the pseudo- 
cubic {100} plane with respect to a plane parallel to the 
tape surface were all 0% in the case of the non-oriented 
sintered compacts, but all 70% or more in the case of the 
oriented sintered compacts. 

10 Fig. 7 shows the values of the piezoelectric dgi 

constant measured at room temperature for Example 9 and 
Examples 10-21 as well as for Comparative Examples 5 and 
6 and Comparative Examples 11-22. As shown in Fig. 7, 
improvements of 1.2 times or more in characteristics in 

15 terms of the d3i constant of the oriented sintered bodies 
were observed as compared with non-oriented sintered 
compacts of the same composition. According to Fig. 1 , 
in a composition in which x=0.04, z=0.1 and w = 0.06, 
if y is within the range of 0.2 to 0.7, crystal oriented 

20 ceramics are obtained in which the piezoelectric d^^ 

constant at room temperature is 7 0 pm/V or more, and if y 
is within the range of 0.4 to 0.6, crystal oriented 
ceramics are obtained in which the piezoelectric d-^^ 
constant at room temperature is 12 0 pm/V or more. 

25 Example 2 2 

Fig. 12 shows 0331^^^^ in the case of producing an 
actuator with the crystal oriented ceramics obtained in 
Example 22 and driving by applying a high voltage of an 
electric field strength of 0-1500 V/mm in the form of a 

30 sine wave having a frequency of 1 Hz over a temperature 
range of -40 to lei^'C. In addition. Tables 3 and 4 show 
the amounts of fluctuation of 033^^^^^ and £331^^^^ in Example 
22 at that time. It can be understood from Fig. 10 and 
Tables 3 and 4 that crystal oriented ceramics having 

35 superior temperature characteristics are obtained in 

which the amounts of fluctuation of the average value of 
the maximum value and minimum value of 033^^^^^ and 
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over an arbitrary temperature range of 100 °C or more from 
-40°C to 161°C are within ±20% and within ±15%, 
respectively, by orienting the pseudo-cubic {100} plane 
of each crystal grain that composes the polycrystalline 
5 substance in a single direction. 

In addition. Tables 5 and 6 show the amounts of 
fluctuation over a predetermined temperature range of 
D33iarge/(E33iarge)'^^ ^nd D ^^^^^^J E ^^^^^^^ in the case of driving 
by applying a high voltage (electric field strength: 0- 

10 2000 V/mm) in the form a sine wave having a frequency of 
1 Hz over a temperature range of -40 ''C to lei^'C. 

It can be understood from Fig. 12 and Tables 3, 5 
and 6 that by orienting the pseudo-cubic {100} plane of 
each crystal grain that composes a polycrystalline 

15 substance in a single direction, the amounts of 

fluctuation of displacement in the case of constant 
voltage driving (characteristic index: 0331^^^^), constant 
energy driving (characteristic index: 0331^^^^/ (£331^^^^)^^^ and 
constant charge driving (characteristic index: 

2 0 D33iarge/E33iarg^) over an arbitrary temperature range of 

100 ""C or more from -40 °C to lei^'C were demonstrated to be 
within ±20%, within ±10% and within ±9%, respectively, 
and in any of these driving methods, superior temperature 
characteristics, in which the amount of fluctuation of 

25 displacement with respect to temperature is small, and 
easily controllable characteristics, are expressed. 
Example 23 

Fig. 13 shows 0331^^^^ in the case of driving the 
crystal oriented ceramics obtained in Example 2 3 by 

30 applying a high voltage of an electric field strength of 
0-2000 V/mm in the form of a chopping wave having a 
frequency of 1 Hz over a temperature range of -40 to 
161^*0. In addition. Tables 3 and 4 show the amounts of 
fluctuation of D^^^^^^^ and £331^^^ in Example 23 at that 

35 time. 

It can be understood from Fig. 13 and Tables 3 and 4 
that crystal oriented ceramics having superior 
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temperature characteristics are obtained in which the 
amounts of fluctuation of the average value of the 
maximum value and minimum value of D^^i^^g^ ^331^^^^ over 

an arbitrary temperature range of 100 °C or more from 
5 -40°C to 161°C are within ±20% and within ±15%, 

respectively, by orienting the pseudo-cubic {100} plane 
of each crystal grain that composes the polycrystalline 
substance in a single direction. 

In addition^ Fig. 14 shows the results of 

10 calculating the temperature characteristics of 

displacement in the case of constant voltage driving 
(characteristic index: D^^xarg^) f constant energy driving 
(characteristic index: 033^^^^^/ (£3313^^^)^^^ and constant 
charge driving (characteristic index: Daai^^g^/Eaai^^^) using 

15 displacement at room temperature as a reference value 

(100%). In addition. Tables 5 and 6 show the amounts of 
fluctuation over a predetermined temperature range of 
D33iarge/(E33iarge)'^^ ^nd 0331^^^^ / E 3313,^^ In the case of drlvlng 
by applying a high voltage (electric field strength: 0- 

2 0 2000 V/mm) in the form a chopping wave having a frequency 
of 1 Hz over a temperature range of -40 °C to 161''C. It 
can be understood from Fig. 14 and Tables 3, 5 and 6 that 
by orienting the pseudo-cubic {100} plane of each crystal 
grain that composes a polycrystalline substance in a 

25 single direction, the amounts of fluctuation from the 

average value of the maximum value and minimum value of 

^331arge' ^SSlarge/ ( ^331argo 

)^^'' and D33i^^g3/E33i3rge) over an 
arbitrary temperature range of lOO^^C or more from -40^C 
to 161°C were demonstrated to be within ±20%, within ±10% 

30 and within ±9%, respectively, and in any of these driving 
methods, superior temperature characteristics, in which 
the amount of fluctuation of displacement with respect to 
temperature is small, and easily controllable 
characteristics, are expressed. 

35 Moreover, as a result of measuring the temperature 

dependency (temperature range: -30 to 161°C) of 
displacement in the case of driving by making the 
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injection energy (W) constant (constant energy driving) 
and the injection charge (Q) constant (constant charge 
driving), superior temperature characteristics similar to 
the results of Fig, 14 were demonstrated in which the 
5 amount of fluctuation of displacement with respect to 
temperature is small. 

Moreover, Figs. 15 and 16 respectively show the 
generated displacement and generated electric field in 
the case of driving the crystal oriented ceramics 

10 obtained in Example 23 at a constant injection energy (W) 
(constant energy driving) over a temperature range of -4 0 
to 161*^C. In addition. Tables 7 and 8 show the amounts 
of fluctuation of the generated displacement and 
generated electric field at that time. It can be 

15 understood from Figs. 15 and 16 and Tables 7 and 8 that 

by orienting the pseudo-cubic {100} plane of each crystal 
grain that composes a polycrystalline substance in a 
single direction, the amounts of fluctuation of from the 
average value of the maximum value and minimum value of 

20 generated displacement and generated electric field over 

an arbitrary temperature range of 100 ""C or more from 
-40 °C to 161 °C were demonstrated to be within ±10% and 
within ±15%, respectively, demonstrating superior 
temperature characteristics in which the amounts of 

25 fluctuation of generated displacement and generated 

electric field with respect to temperature are small. 

Moreover, Figs. 17 and 18 respectively show the 
generated displacement and generated electric field in 
the case of driving the crystal oriented ceramics 

30 obtained in Example 23 at a constant injection charge (Q) 
(constant charge driving) over a temperature range of -4 0 
to 161 ""C. In addition. Tables 9 and 10 show the amounts 
of fluctuation of the generated displacement and 
generated electric field at that time. It can be 

35 understood from Figs. 17 and 18 and Tables 9 and 10 that 
by orienting the pseudo-cubic {100} plane of each crystal 
grain that composes a polycrystalline substance in a 
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single direction, the amounts of fluctuation of from the 
average value of the maximum value and minimum value of 
generated displacement and generated electric field over 
an arbitrary temperature range of 100 °C or more from 
5 -40'*C to lei'^C were demonstrated to be within ±9% and 
within ±15%, respectively, demonstrating superior 
temperature characteristics in which the amounts of 
fluctuation of generated displacement and generated 
electric field with respect to temperature are small. 
10 Table 7 



Injection 
Energy 
(J/m*) 


Temperature 
Range (*C) 


Temperature 
Margin ("C) 


Displacement 


Max. 
(ppm) 


Min. 
(ppm) 


Avg. 
(ppm) 


Amt . of 
fluctuation 
(%) 


10000 


-40-82''C 


122 


570 


470 


520 


±9.6 


-30-82-C 


112 


570 


500 


535 


±6.5 


-11-82''C 


93 


570 


520 


545 


±4.6 


22-161*C 


139 


570 


510 


540 


±5.6 


-30-161'C 


191 


570 


500 


535 


±6.5 


20000 


-40-82"C 


122 


930 


800 


865 


±7.5 


-30-82*'C 


112 


930 


830 


880 


±5.7 


-11-82*C 


93 


930 


830 


880 


±5.7 


22-161"C 


139 


960 


830 


895 


±7.3 


-30-161''C 


191 


960 


830 


895 


±7.3 


30000 


-40-82''C 


122 


1200 


1090 


1145 


±4.8 


-30-82''C 


112 


1200 


1160 


1180 


±1.7 


-11-82'*C 


93 


1200 


1160 


1180 


±1.7 


22-16l"C 


139 


1250 


1160 


1205 


±3.7 


-30-161-C 


191 


1250 


1160 


1205 


±3.7 


Table 8 


Injection 
Energy 
(J/m') 


Temperature 
Range i'C) 


Temperature 
Margin Cc) 


Electric Field 


Max. 
(V/mm) 


Min. 
(V/mm) 


Avg. 
(V/mm) 


Amt. of 
fluctuation 
(%) 


10000 


-40-82°C 


122 


1130 


1040 


1085 


±4 . 1 


-30-82**C 


112 


1060 


1040 


1050 


±1.0 


-11-82°C 


93 


1060 


1060 


1060 


±0 . 0 


22-16l''C 


139 


1060 


1000 


1030 


±2 . 9 


-30-161'C 


191 


1060 


1000 


1030 


±2.9 


20000 


-40-82°C 


122 


1480 


1420 


1450 


±2 . 1 


-30-82°C 


112 


1440 


1420 


1430 


±0.7 


-11-82°C 


93 


1440 


1420 


1430 


±0.7 


22-161°C 


139 


1440 


1400 


1420 


±1 . 4 


-30-161'C 


191 


1440 


1400 


1420 


±1 . 4 


30000 


-40-82°C 


122 


1920 


1670 


1795 


±7.0 


-30-82"C 


112 


1750 


1670 


1710 


±2 . 3 


-11-82°C 


93 


1750 


1700 


1725 


±1 . 4 


22-161''C 


139 


1750 


1660 


1705 


±2.6 


-30-161"C 


191 


1750 


1660 


1705 


±2.6 



Table 9 



Injection 


Temperature 


Temperature 


Displacement 


Charge 
(nC/cm^) 


Range (*C) 


Margin ('C) 


Max . 
(ppm) 


Min, 
(ppm) 


Avg. 
(ppm) 


Amt . of 
fluctuation 
(%) 


1 


-40-82*'C 


122 




1 on 


205 


±7 . 3 




-30-82"C 


112 


215 


190 




xo . ^ 




-11-82*C 


93 


215 




4C U J 


zb . ^ 




22-161°C 


139 


210 


180 


195 


±7.7 




-30-161*'C 


191 


215 


180 


198 


±8.9 


2 


-40-82*C 


122 


660 


535 


598 


±10.5 




-30-82-C 


112 


600 


535 


568 


±5 . 7 




-11-82'C 


93 


600 


580 


590 


±1.7 




22-161*C 


139 


600 


55 


575 


±4.3 




-30-161*C 


191 


600 


535 


568 


±5.7 


3 


-40-82'C 


122 


1030 


900 


965 


±6.7 




-30-82*'C 


112 


1000 


900 


950 


±5.3 




-11-82*C 


93 


1000 


950 


975 


±2.6 




22-161''C 


139 


1020 


950 


985 


±3.6 




-30-161''C 


191 


1020 


900 


960 


±6.3 


Table 10 






Injection 


Temperature 


Temperature 


Electric Field 


Charge 
(nC/cm*) 


Range ("O 


Margin (*C) 


Max. 
(V/am) 


Min. 
(V/mm) 


Avg. 
(V/mm) 


Amt. of 
fluctuation 
(%) 


1 


-40-82-C 


122 


720 


590 


655 


±9.9 




-30-82'*C 


112 


620 


590 


605 


±2.5 




-11-82*C 


93 


620 


600 


610 


±1.6 




22-161"C 


139 


650 


560 


605 


±7.4 




-30-161'C 


191 


650 


560 


605 


±7.4 


2 


-40-82"C 


122 


1250 


1040 


1145 


±9.2 




-30-82-C 


112 


1140 


1040 


1090 


±4.6 




-H-82'C 


93 


1140 


1070 


1105 


±3.2 




22-161'C 


139 


1140 


1020 


1080 


±5.6 




-30-161-C 


191 


1140 


1020 


1080 


±5.6 


3 


-40-82'C 


122 


1850 


1460 


1655 


±12 




-30-82°C 


112 


1550 


1460 


1505 


±3.0 




-11-82''C 


93 


1550 


1470 


1510 


±2.6 




22-161'C 


139 


1550 


1450 


1500 


±3.3 




-30-161'C 


191 


1550 


1450 


1500 


±3.3 



Although the above has provided a detailed 
explanation of modes for carrying out the present 
invention, the present invention is not limited to the 
aforementioned modes, but rather can be altered in 
various ways within a range that does not deviate from 
the gist of the present invention • 

For example, although normal pressure sintering or 
hot pressing was used when producing the crystal oriented 
ceramics in the aforementioned examples, other sintering 
methods (such as HIP treatment) may be used. 

In addition, although the first anisotropic shaped 
powder is particularly preferable as a reactive template 
for producing the crystal oriented ceramics as claimed in 
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the present invention^ the applications of the first 
anisotropic shaped powder as claimed in the present 
invention are not limited to this, but rather can also be 
used as a powder for piezoelectric rubber compound 
5 material. 

Moreover, although the explanations of the 
aforementioned modes for carrying out the invention 
focused primarily on crystal oriented ceramics composed 
of a first KNN compound preferable as a piezoelectric 

10 material or dielectric material, and its production 

method, thermoelectric characteristics and ion conducting 
characteristics can be imparted if a suitable auxiliary 
component and/or secondary phase is added to the first 
KNN compound. Consequently, by applying the production 

15 method as claimed in the present invention, crystal 
oriented ceramics can also be produced that are 
preferable as thermoelectric materials and ion conducting 
materials . 

Since the crystal oriented ceramics as claimed in 

20 the present invention are composed of a polycrystalline 

substance having for its primary phase a first KNN 
compound, and a specific crystal plane of each crystal 
grain that composes the polycrystalline substance is 
oriented, there is the effect of exhibiting better 

2 5 characteristics as compared with non-oriented ceramics 
having the same composition. 

In addition, since the crystal oriented ceramics 
production method as claimed in the present invention 
uses as a reactive template a first anisotropic shaped 

30 powder having a growth plane that has lattice coherency 
with a specific crystal plane of a first KNN compound, 
there is the effect of obtaining crystal oriented 
ceramics in which a specific crystal plane is oriented 
both easily and inexpensively. In addition, by 

35 optimizing the compositions of the first anisotropic 

shaped powder and first reaction raw material, there is 
the effect of facilitating control of the composition of 
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A site elements contained in the first KNN compound that 
composes the primary phase of crystal oriented ceramics. 



